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PHYSICO-CHEMICAL FACTORS INFLUENCING CREAM 

RISING 


I. VISCOSITY* 

L. S. PALMER AND E. 0. ANDERSON 

Division of Agricultural Biochemistry, University of Minnesota, St. Paul, 

Minnesota 

The viscosity of milk has been considered (1) to be a factor 
influencing cream rising, but with the exception of the studies by 
van Dam and Sirks (2) and by Rahn (3) no data have been 
published attempting to correlate the viscosity with differences 
in the depth of the cream layer. 

In the study by van Dam various substances (e.g., gum traga- 
canth, gelatin, starch, gum arabie, agar, and saleb, a material 
obtained by boiling Irish moss in linseed oil) were added to noilk 
in suitable amounts so that in most cases there was little or no 
change in specific gravity. Gum tragacanth and saleb gave in 
general the best results. These substances caused a 15 to 25 
per cent increase in the depth of the cream layer at 9°C. which 
was accompanied by an increase in viscosity of 25 per cent 
showing that with added substances there is some relation be- 
tween viscosity and cream rising. Van Dam and Sirks have 
expressed the opinion that it is the milk plasma, not the fat, 
which has the chief influence on cream rising. 

In Rahn’s study gelatin and other hydrophilic colloids when 
added to milk increased both the cream layer and the viscosity 
in fairly close ratio. For example, the addition of 0.45, 1.35, 
and 1.8 per cent gelatin increased the viscosity 14.7, 67.0, and 
110 per cent respectively with a corresponding increase of 33, 
55, and 83 per cent in the depth of the cream layer. Although 

* Eeceived for publication November 20, 1925* 

Published with the approval of the Director as Paper No, 671, Journal Series, 
Minnesota Agricultural Experiment Station. The data presented form a part 
of the thesis of Mr. Anderson for the M.S. degree, University of Minnesota, 1922. 
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Eahn has concluded that variations in creaming are not due to 
variations in viscosity, his own data hardly warrant this view. 

The viscosity of milk is due to the combined effect of the con- 
stituents in true and in colloidal solution together with the 
emulsified fat. If one compares the viscosity of whey, skim 
milk, and whole milk with that of water, it is seen that water 
contributes from 30 to 50 per cent of the viscosity. Of the 
increase due to the milk solids, about 30 to 40 per cent is caused 
by the constituents in the whey, 70 to 90 per cent by the con- 
stituents in the skim milk and the remainder by the fat. The 
important fact is that most of the specific viscosity of milk is due 
to the solids-not-fat. Kobler (4) in fact, from whose data the 
above estimations are largely made, concluded that the viscosity 
of milk is greatly influenced by the casein. 

There are a number of statements in the literature relative to 
the importance of the solids-not-fat in cream rising. Babcock 
(1) and Hunziker (5) have expressed such a view, the latter be- 
lieving that the reduced cream volume usually found on pasteur- 
ized milk is due to a coagulation of the albumin. 

A careful consideration of the whole subject of cream rising 
leads to the conclusion that the two outstanding factors involved 
in determining the volume of cream rising as a definite layer on 
a given lot of milk are, (a) the rapidity and completeness with 
which the fat globules rise, (b) the volume occupied by the risen 
fat globules. The fat globules rise in milk fundamentally be- 
cause of the difference between the specific gravity of the fat and 
the plasma. Although the size of the fat drops and the extent 
of their association (3) no doubt contribute a great deal to tlie 
rapidity and exhaustiveness of creaming in a given length of time, 
they can not be the only factors involved. It is certain that 
there is as yet no basis for assuming that either the size of the 
fat globules or their clumping determines the volume occupied by 
the risen fat. In making these assertions conditions involving 
a uniform fat content are of course assumed. 

The present study was undertaken to determine the extent 
to which the viscosity of milk is related to the depth of the cream 
layer on both raw and pasteurized milk. The data secured also 
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throw light on the relative importance of viscosity and size of 
fat globules in cream rising as met under normal conditions. Of 
special interest are the results showing the distribution of fat 
between the cream and skim milk layers. 

EXPERIMENTAL 

Methods of ^procedure 

The milk used was secured from the University herd. Uniform 
quality was approached as nearly as possible by using milk from 
the same cows in all experiments where mixed milk was used. 
In these cases the milk represented two-thirds Holstein milk 
and one-third Jersey-Guernsey. For the breed experiments, milk 
from the Jerseys and Guernseys represented one standard and 
milk from Holsteins the other. It was not feasible to control 
any possible effect of the stage of lactation. This effect could 
not have been significant, however, because a comparison of the 
viscosity of the milk and stage of lactation of 8 cows, 4 Holstein 
and 4 Guernsey, whose lactation period ranged from six days to 
seven hundred fifty-one days, showed no relation between the 
two factors. 

' Except in the case of data for the milk from individual animals, 
all milk was standardized to a fat content of 3,5 per cent. 

Pasteurization was carried out by the holding method. When 
the volume of milk warranted it, a 150-gallon “Jensen Cream 
Ripener” was used; otherwise the milk was placed in shotgun 
cans and immersed in a large vat of hot water. Heating was 
continued for thirty minutes after the milk had attained the 
desired pasteurizing temperature. Cooling was brought about 
as quickly as possible by means of a vat of cold water. 

Cream layers were measured on samples of milk placed in 200 
cc. flat bottom, graduated cylinders. Usually the milk was at a 
temperature of 26°C. when placed in the cylinders. Four 
cylinders were used for each sample, two of which were cooled 
to 0°C. and the other two to 9° to 10°C. These temperatures 
were maintained for twenty-four hours, after which the depth of 
the cream was measured with dividers. One-half of the average 
reading was recorded as the percentage of cream. 
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In a number of cases an estimate was made of the distribution 
of fat between the cream and skim milk layer. For this purpose 
cylinders were employed having a hole about 3 mm. in diameter 
bored in the side a few millimeters from the base. These were 
kept stoppered until the end of the creaming period when the 
stopper was removed and the skim milk drawn off sowly to within 
I inch of the cream layer. The percentage of fat in this layer was 
determined directly, using the Babcock test. The approximate 
percentage of fat in the cream layer was calculated by the formula, 

_ (100 — y)g 

C. - ' 2- X 100 

z 

where C = percentage fat in cream layer 
X = percentage fat in the milk 
y — percentage cream 
3 = percentage fat in skim layer 

Specific gravity was determined by the lactometer (United 
States Dairy Division type) . Solids-not-f at were calculated from 
the tables of Shaw and Eckles (6). 

Hydrogen ion concentrations were determined potentiometri- 
cally using the Bailey electrode. 

Viscosities were measured by the MacMichael viscosimeter, 
using a disc bob and a “00” torsion wire. The cup was not 
rotated; instead, the disc was rotated somewhat as in the Doo- 
little (7) method, as follows. The disc was first turned to the 
left one revolution and then allowed to rotate back through the 
milk until a maximum deflection was reached. This reading, 
subtracted from the reading obtained in air alone was taken as the 
comparative viscosity of the milk. In order that the results 
could be calculated in terms of centipoise units the instrument was 
calibrated by means of sugar solutions and a reference curve 
constructed. Although the method employed for the viscosity 
work was arbitrary, the results could thus be expressed in units 
such that the data can be verified (or otherwise) by other workers 

* This formula does not give strictly accurate results because it ignores the 

specific gravity of the skim milk and cream. 
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using any instrument from which similar calculations can be 
made. 


Results 

a. Influence of breed. The influence of breed on the viscosity 
of milk was first determined on a composite twenty-four-hour 
sample from each of 37 cows, representing 2 Ayrshire, 5 Jersey, 
11 Guernsey, and 19 Holsteins. The average data for the breeds 
are shown in table 1. 

These data do not indicate any relation between the hydrogen 
ion concentration and viscosity of milk, but there is a relation 
shown between both the fat content and solids-not-fat and 
viscosity. Inasmuch as the viscosity range is accompanied by 


TABLE 1 

The composition^ viscosity, and other property of milk from different breeds of cows 







VISCOSITY 

BREED 

PAT 

SOLIDS- 

NOT- 

FAT 

SPECIFIC 

GRAVITY 

pH 

1 

At once 
at25'’C. 

At once 
at 0® C. 

After 
twenty- 
four 
hours 
at 0® C. 

Jersey i 

per cent 

5.62 

per cent 

9.64 

1.034 

6.47 

cp. 

2.77 

cp. 

6.67 

cp. 

5.71 

Guernsey 

4.77 

9.37 

1.0336 

6.44 

2.37 

6.18 

5.44 

Ayrshire 

4.62 

9.13 

1.0331 

6.70 

2.39 

5.16 ; 

5.88 

Holstein 

a. 41 

8.81 

1.0325 

6.44 

1.90 

4.57 

4.63 


a wider range of fat than of solids-not-fat, the data suggest that 
the latter exerts the greater effect. In the case of market milk, 
however, where creaming variations are of special importance, 
the percentage of fat has practically no bearing on these variations 
because of the almost universal practice of standardization. The 
relation of viscosity to creaming variations must accordiugly be 
sought in the effects exerted by the size of fat globules and by the 
solids-not-fat. 

The relation of fat-globule size, or more correctly the relative 
number of fat globules, to viscosity is illustrated best by the well- 
known effect of homogenization which increases the viscosity very 
greatly. While this is an extreme case not met in market milk. 
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it suggests that there may be sufficient breed difference with 
respect to the relative size of the fat globules to be a factor in 
creaming. 

b. Relative effect of size of fat globules and content of solids-not~ 
fat on viscosity and creaming. The opinion is held (8) that the 
milk from the Jersey and Guernsey breeds creams more easily 
than that of the Holsteins and Ayrshires because the larger fat 
globules have a greater mass in proportion to their surface. This 
hypothesis was tested by two experiments as follows. In the 
first experiment Holstein skim milk was standardized to 3.5 

TABLE 2 

Relative influence of soUds-not-fat and size of fat globules on viscosity and 

creaming 


BXPBSftl- 

MBNT 

NtJMBEB 



SOLIUS- 

NOT- 

FAT 

PROPERTIES AT 

O-’C. 

PROPERTIES AT 
9“ TO 10“C. 

SOUBCE OF PLASMA 

SOURCE OF 

FAT GLOBULES 

Viscos- 
ity after 
twonty- 
four 
hours 

Volume 

of 

cream 

Viscos- 
ity after 
twenty- 
four 
hours 

Volume 

of 

cream 




per cent 

cp. 

per cent 

cp. 

2 )(T cent 


Holstein 

Holstein 

8.59 

5.32 

11.30 

2,89 

6,80 

1 ^ 

Holstein 

J ersey-Guernsey 

8.61 

5.38 

13.01 

3.13 

9.30 


Jersey-Guernsey 

Jersey-Guernsey 

9.35 

6.05 

17.40 

3.30 

12.80 


Jersey-Guernsey 

Holstein 

9.30 

5.93 

16.51 

3.58 

11.30 


Holstein 

Holstein 

8.79 

5.24 

12.41 

2.93 

7.51 

2 < 

Holstein 

Jersey-Guernsey 

9.11 

5.87 

11,81! 

3.01 

6.41 


Jersey-Guernsey 

Jersey-Guernsey 

9.61 

6.41 

16.80 

3,25 

14.51 


Jersey-Guernsey 

Holstein 

9.44 

6. 19 

16.71 

3.77 

10.91 


per cent fat with freshly separated cream (55 per cent fat) from 
Jersey-Guernsey milk, and an analogous milk prepared from 
Jersey-Guernsey skim milk and Holstein cream. The properties 
of these milks were compared with those of unaltered Holstein 
and Jersey-Guernsey milk except as was necessary to bring the 
fat content to 3.5 per cent. In the second experiment all the 
milks were prepared from skim milk and cream. The results 
are given in table 2. They show clearly that with a uniform fat 
content such variation in the size of the fat globules as results 
from breed differences is relatively unimportant in determining 
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either viscosity or creaming. On the other hand, the data show 
a direct relation between the concentration of soiids-not-fat and 
viscosity; the data also indicate a close relation between creaming 
and viscosity, but the relationship does not appear to be an 
absolute one. For example, in both experiments practically as 
good cream layers were obtained at 9° to 10°C. with the Jersey- 
Guernsey plasma as at 0° with Holstein plasma, although the 
viscosity in the former case averaged about 3.5 and in the latter 
about 5.4. A closer relationship between viscosity and creaming 


TABLE 3 

Viscosity, creaming, and fat distribution between skim milk and cream of raw 
and pasteurized milk of uniform composition 


EXPERI- 

MENT 

NUMBER 

TEMPERA- 
TURE OP 
PA8TEURI- 
SSATION 

PROPERTIES AT O^C. 

PROPERTIES AT 12'’C, 

Viscosity 

after 

twenty- 

four 

hours 

Cream 

volume 

Concen- 
tration 
fat in 
skim 

Approxi- 
mate 
concen- 
tration 
fat in 
cream 

Visf'osity 

after 

twenty- 

four 

hours 

Cream 

volume 

Concen- 
tration 
fat in 
skim 

Approxi- 
mate 
concen- 
tration 
fat in 
cream 



cp. 

per cent 

per cent 

per cent 

cp. 

per cent 

per cent 

per cent 


Raw 

5.45 

14.8 

0.34 

21.7 

3.12 

11. 6 

1.12 

21.6 

' i 

00 

5.57 

13.6 

0.23 

24.2 

3.03 

11.7 

0.85 

23.5 


Raw 

5.34 

16.4 

0.27 

20,0 

2.93 

11.7 

1.20 

20.9 

' \ 

62 

4.80 

14.9 

0.35 

21.5 

2.89 

10.8 

0.90 

25.0 

f' 

Raw 

4.73 

15.4 

1.00 ! 

17.2 

3.10 

10.5 

1.50 

20,6 

3 

65 

4.45 

13.5 f 

1.20 ! 

18.2 i 

2.93 

10.0 

1.22 

24.8 

4 ( 

Raw 

5.02 

15.9 

0.52 

19.3 

2.75 

9.8 

1.52 

21.7 


67 

4.28 1 

11.1 

1.30 

21.1 

2.87 

9.0 

1.42 

24.5 


is seen when comparing the cream volume and viscosity at 0°C. 
with the same data at 9° to 10°C. The percentage decline at 
the higher temperatures is not identical for both viscosity and 
cream volume, but is as uniform for each factor as could be 
expected. Calculation shows an average decrease in viscosity 
of 43.8 per cent accompanied by an average decrease of 32.5 
per cent in cream volume. 

c. Viscosity change as a factor in the influence of pasteurization 
on creaming. The results obtained with raw milk suggested 
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that the detrimental effect of pasteurization on creaming niiglit 
be explained, at least in part, by changes in viscosity; 

Two groups of experiments were conducted, the iirst with, mixed 

TABLE 4 


Viscosity^ creaming, and fat distribution hclwePM shun milk and crcMmi, oj ran) mid 
pasteurized 'milk of unifor?n fat content and narytng content oj 
solids-nol-fat and varying size of fat globules 



cn 

& 



p 

ROPKUTIlOa AT ()“( 


iMio}*RirnK 

^ AT tr 


ps 

3 

w 

•< 



B 


.S 

Pi B 

(X) ^ 

'« 


.3 

c s 

M 

b 

0 

* 


<XI 

£ 


CJ 

h 

d 

S 

4J, 

u 

03 


S M 

ss 

H 

w 

s 

K 

« 

St, 

f-l o 

■< 

u 

H 

o 

« 

« 

0 

a» 

£ m 

f ^ 

9 

.15 

S 

"o 

3 

f-i 

"S 

p 

.ga 

OJ 

'3 ^ 

t>i o 
.15 .a 

g 

> 

.s 

ej 

m 

d M 

•9 g 

M O 

« 

pa 

w § 

r/j 

0 

3 


O 3 

B 

<rt 

o 

£.3 

gil 

gZ! 

ag 

a--* 

Sf f-i 

O 3 

3 

fii 

S S 
o 

E’g 

a,-*" 

w 

03 


!> 

o 

Q 

< 

|> 

u 

O 



°a. 

per cent 


cp. 

per cent 

p<»* iumt 

per cent 

<1'P. 

per 

cent 

per 

cent 

per 

cent 


Raw 

8.71 

Small 

4.05 

14.3 

1.00 

18.4 

2.54 

13.4 

1.37 

17.3 

1 ^ 

62 

S.71 

Small 

3.94 

11.0 

1.40 

20.5 

2.43 

8.5 

1.87 

19.0 

Raw 

9.47 

Large 

4.84 

17.0 

0.37 

IS. 8 

2.89 

14.3 

0.90 

19.1 


63 

9.47 

Large 

4.62 

11.0 

1.30 

21.3 

2.89 

7.3 

2.00 

22.6 


Raw 

9,81 

Large 

4.22 

16.4 

0.90 

16.8 

2.63 

7.0 

1.07 

23.8 

9 < 

02 

9.81 

Large 

4.10 

11.4 

1.20 

21.3 

2.59 

6.4 

1,87 

27.3 

4r ' 

Raw 

9.34 

Small 

4.28 

14.3 

1.00 

14.5 

2.66 

5.1 

2.45 

23.1 


63 

9.34 

i Smad 

4.28 

2.0 

3.10 

22.4 

2.47 

1.5 

2.97 

38.3 

f 

Raw 

9.19 

■ Small 

4.14 

15.3 

1.60 

14.0 

2.24 

8.5 

2.10 

18.6 


63 

9.19 

Small 

4.03 

2.8 

2.05 

22.0 

2.32 

2.9^ 

2.00 

23,6 

o ^ 

Raw 

8.99 

Large 

3.70 

11.8 

1.70 

16.9 

2.01 

5.8! 

2.35 

22 . 2 


63 

8.99 

Large 

3.54 

2.0 

2.90 

32.9 

2.19 

2.3 

2.75: 

35.3 


Raw 

8.69 

Small 

4.22 

10.8 

2.-50 

11.8 ■ 

2.32 

7.1 

2.55^ 

15.9 

4 - 

65 

8.69 

Small 

3.94 

1.5 

3.30 

16.7 

2.19 

1.4 

3.05 

35. 1 

Raw 

9.11 

Large 

4.10 

6.4 

2,70 

15.2 

2.43 

6.0 

2.60 

J7.6 

■ 

66 

9.11 

Large 

4.45 

1.5 

3.30 

16.7 

2.89 

1.5 

3.20 

23.2 


* Tile lower solids-not-fat represents Holstein plasma, and the higher Jersey- 
Guernsey plasma, 

t Small fat globules represent Holstein cream and large fat globules Jersey- 
Guernsey cream. 

milk in vat lots and the second in smaller lots using milk in which 
the solids-not-fat and size of fat globules were varied as in part 
(b). The temperatures of pasteurization varied from 60° to 
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67°C. for the different lots of mixed millc and from 62° to 65.8°C. 
for the milk with varying content of solids-not-fat. In both 
experiments the fat content was adjusted to 3.5 per cent. The 
data for the first group of experiments are summarized in table 3, 
and for the second group of experiments in table 4. An average 
of all data collected on raw and pasteurized milk is given in 
table 5. In this average are included a number of other experi- 
ments not reported in this paper in which a study was made of 
the effect of various milk plant operations on cream rising. 

When examining the properties of the milk at 0°C. as shown in 
tables 3, 4, and 5, it appears as though the decrease in cream 
volumes resulting from pasteurization is more or less related to a 
lowered viscosity. This apparent relation becomes much less 

TABLE 5 


Average relation found between viscosity , cr earning y pasteurization and distribution 
of fat between skim milk and cream 


NILMBBH OF 
SAMPLES 

TEMPERA- 
TUIIB OF 
CREAMING 

TREATMENT 

VISCOSITY 
AF-TER 
TWENPY- 
FOUR HOURS 

1 

CREAM 

VOLUME 

CONCEN- 
TRATION FAT 
INSKIM 

APPROXI- 
MATE 
CONCEN- 
TRATION FAT 

1 IN CREAM 


T. 


cp. 

per cent 

per cent 

per cent 

46 

0 

Raw 

5.10 

15.6 

0.76 

18.3 

16 

0 

Pasteurized 

4.47 

9.1 

1.58 

22.7 

46 i 

9-12 

Raw 

3.01 

10.6 

1.45 

20.8 

16 

9-12 

Pasteurized 

2.71 

7.1 

1.84 

25.2 


significant when examining the data for milks with varying con- 
tent of solids-not-fat and having a different initial viscosity. The 
relationship practically disappears for the milk creamed at the 
higher temperature where many cases- occurred showing no effect 
of pasteurization on viscosity and great effect on creaming. It is 
true that the average of all the data collected (table 5) indicates 
a general relationship between viscosity and creaming as affected 
by pasteurization. Calculation shows, however, that while there 
is no correspondence between the percentage decline in viscosity 
and the percentage loss in cream volume, there is a rather close 
proportion between the two when comparing the results at the 
two creaming temperatures. The ratio between viscosity de- 
crease and cream volume loss was 1:29.5 at 0°C. and 1:31.5 at 



(Viscosity) 
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(Fat ia Skim Milk Layer) 

Fig. 1. Relation between Viscosity of Raw Whole Milk and the Pee- 
CENTAGE OP FaT IN THE SkIM MiLK LaYEK AFTER CREAMING 
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9° to 12°C. However, these ratios are too wide to warrant the 
conclusion that viscosity is a major index of the detrimental 
effect of pasteurization on cream rising. 

d. Influence of pasteurization on fat distribution in skim milk 
and cream layers. Much more significant are the data on the 
distribution of fat between the cream and sldm milk layers. In a 
great majority of cases a loss in cream volume due to heating was 
accompanied by a higher percentage of fat in the skim milk, 
and in every instance by a higher percentage of fat in the cream. 
This shows clearly that losses in cream volume because of heating 
the milk are often due to less exhaustive creaming and particu- 
larly to a closer packing of the fat globules in the cream layer. 

A complete explanation of the cause of the less exhaustive 
creaming awaits further study. Figure 1 shows that there is 
some relation between this result and the viscosity in the case of 
raw milk. The points on the chart are taken in part from the 
data in tables 3 and 4 and in part from other experiments not 
reported. While the points do not fall on the curve as closely 
as may be desired, the general relationship is shown very defi- 
nitely. A similar correlation does not exist for pasteurized milk. 

The causes underlying the closer packing in the cream layer 
are also little understood. Our results are similar to those ob- 
tained by Weinlig (9). He believes that the increased concentra- 
tions of fat in the cream layer which he observed after pasteuriz- 
ing milk at temperatures above 63° to 64°C. are due to changes 
in the composition of the membrane material around the fat glo- 
bules, giving rise to a decreased tenacity. The problem, how- 
ever, requires further study. 

DISCUSSION 

The results of this study show clearly that the plasma colloids 
are a much more important factor in determining cream volumes 
than are the fat globules themselves when studying milk with a 
uniform fat content. Inasmuch as the specific viscosity of milk 
is due largely to the plasma colloids it is not surprising that the 
cream volume rising on raw milk is affected by such factors as 
influence the viscosity of the plasma. Certainly the difference 
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in viscosity of milk at 0°C. compared with 0° to 12°( <. is suflif’ieut 
to account for the variations in the cream layer at the two tem- 
peratures. However, the variations in the depth of the cream 
layer at the same creaming temperature are not accounted tf)i 
wholly by differences in viscosity. 

The detrimental effect of pasteurization on cream v'olumcs is 
only explained in part by viscosity changes. The dccireasc in 
viscosity of pastemdzed milk is too small to account for iihe 
decrease in depth of the cream layer when compared with raw 
milk. If viscosity were a true index of cream rising the great 
increase in viscosity accompanying a lowering of the erctiming 
temperature would be expected to overcome the slight deesrease 
in viscosity due to the heat. On the contrary the results show 
that while the viscosity of pasteurized milk is still relatively 
high at 0°C., in comparison with the viscosity at 9° to 12*’C. 
the cream volume at lower temperatures are not proportionate 
to the higher viscosity at that temperature. It is therefore 
obvious that pasteurization effects are not explainable on the 
basis of viscosity. 

The relation of the concentration of plasma solids to cream 
volumes on raw milk is shown very strikingly by the experiments 
on milk with a uniform fat content in which cream and plasma 
were interchanged to give different levels of solids-not-fat and a 
different relative size of the fat globules. When the solids-not-fat 
were higher a better cream layer resulted regardless of the relative 
size of the fat-globules. It is recognized that the data show some 
favorable influence due to larger fat globules, but it is not very 
great. It is clear, however, why the breed differences in cream 
layers on raw noilk are so striking, especially when comparing 
Holstein with Jersey or Guernsey milk. In the former lower 
plasma sohds are accompanied by both relatively small fat 
globules and lower fat content while in the latter higher plasma 
sohds are associated with both larger globules and more fat. 
Pasteurization, however, tends to noinimize these differences. 
For pasteurized milk just as poor cream layers are apparently 
obtained in milk with the higher plasma sohds as with the lower. 

The distribution of fat between the skim milk and cream layers 
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of pasteurized milk is very suggestive for a further study of the 
fundamental factors causing losses in cream volumes. It was 
pointed out in the introductory paragraphs that one of the two 
important general factors determining the depth of cream layers 
is the volume occupied by the risen fat globules. This factor is 
seen in a very striking manner in our experiments showing that 
there is a distinctly closer packing of the fat globules in the cream 
which rises on pasteurized milk. It is of interest to note, also, 
that the cream which formed in many of our experiments was 
richer in fat than the standard 18 per cent product distributed by 
many dairies as cream. 


CONCLUSIONS 

1. The volume of cream rising on raw milk of uniform fat 
content is determined largely by the content of solids-not-fat 
in the plasma. 

2. The specific viscosity of raw milk is determined in large 
measure by the content of plasma solids and by the temperature 
at which the plasma is held. 

3. The viscosity of raw milk is a good index of its creaming 
ability and can be used as an explanation of changes in cream 
layers caused by the temperature of creaming or the concentration 
of plasma solids in the milk. 

4. Viscosity is only a minor factor in determining the cream 
layers on pasteurized milk; the fundamental factors having an 
adverse effect remain to be determined. 

5. The deterimental effect of pasteurization on cream volumes 
is accompanied by (o) less exhaustive creaming and (&) closer 
packing of the fat globules in the cream layer. Neither of these 
efl'ects are explainable by viscosity changes. In raw milk, how- 
ever, there is a general relation between viscosity and exhaustive- 
ness of creaming. 
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THE MAINTENANCE REQUIREMENT OF CATTLE 
FOR PROTEIN, AS INDICATED BY THE FAST- 
ING KATABOLISM OF DRY COWS*i 

E. B. FORBES, J. AUGUST FRIES and MAX KRISS 

Institute of Animal Nutritionj Pennsylvania State College^ State College, 

Pennsylvania 

The study here reported is based on experiments with fasting, 
dry cows, and was designed primarily to add to the knowledge 
of the energy metabolism of cattle. The collection and analysis 
of the excreta during fast, however, yielded data of significance 
in relation to protein requirements, and these constitute the 
basis of the present paper. The results of the heat measurements 
and of the gaseous exchange will be treated elsewhere. 

OUTLINE OF THE INVESTIGATION 

The schedule of experimental treatment will be found in table 1. 

Four dry Jersey cows were used as subjects in this investiga- 
tion and are designated nos. 874, 885, 886 and 887. These 
are the same animals as were used in the experiments on “The 
maintenance requirement of dry cows” which have been already 
reported (2). The fasting experiments with these animals were 
conducted during the same years as the maintenance experi- 
ments, the periods of fast following the periods in which the 
animals received maintenance rations in respect to energy. 
In experiment 221D, 1920, cows 885 and 886 were used, each 
being six years old. In experiment 221E, 1921, cow 885 was 
used. In experiment 221F, 1922, cow 874, six years old, and 

* Eeceived for publication September 1, 1925. 

1 This series of experiments was planned by the late Dr. H. P. Armsby, and 
conducted under the immediate direction of Mr. J. A. Fries, by Messrs. W. W. 
Braman, D. C. Cochrane, Max Kriss, C. D. Jeffries, R. M. Meredith and W. J, 
Sweeney. 

The first of these experiments was conducted with the aid of financial co- 
operation from the Bureau of Animal Industry of the United States Department 
of Agriculture. 
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TABLE 1 

Schedule of starvation and preceding maintenance periods 
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COW 887, five years old, were used. The length of the fasting 
periods was 3 days in experiment 221D, six days in experiment 
221E, and nine days in experiment 221F. The animals were 
kept on approximately maintenance rations of alfalfa hay and 
a grain mixture for at least three weeks preceding the fasting 
experiments. The grain mixture consisted of 30 parts by weight 
of wheat bran, 30 parts of ground oats, 30 parts of corn meal 
and 10 parts of old process linseed meal. 

During the fasting experiments, and the preceding main- 
tenance periods, the animals were kept in the Institute barn, 
except during the last two days of each experimental period, 
which were passed in the calorimeter. The animals were of- 
fered water at 8:00 a.m. in the bam, and at 7:00 a.m., in the 
calorimeter. 

Feces and urine were collected as a mixture, the daily col- 
lection being at 8:00 a.m., in the barn, and at 6:00 p.m., in the 
calorimeter. During the last few days of the fast, in experi- 
ments 221E and 221F, the feces were of such solid consistency 
that it was practicable, in some cases, to make an approximately 
complete separation of the urine from the feces by decanting, 
and straining the urine through cheesecloth. Such a separa- 
tion was made of the excreta collected during thirty-four hours 
preceding the last day of the fast in experiment 221E, and during 
the last four days of the fast in experiment 221F. In the tables 
the data relating to these separated excreta are designated 
by the letters TJ and F following the weights of the fresh urine 
and feces. 

The feces-and-urine mixtures and the separated excreta were 
subjected to the usual complete analysis, but only the dry 
matter, crude fiber and nitrogen will be here considered. Nitro- 
gen was determined in the fresh feces, and feces-and-urine 
mixtures, by Konig’s method, and in the urine by the Kjeldahl 
method. 

THE EFFECT OF FASTING ON THE EXPEEIMENTAL ANIMALS 

The animals showed no physical ill-effects of the fasting. 
Apparently they lost the natural craving for feed at about the 
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third day. Close observation showed no unusual actions other 
than the failure to ruminate, and the rather frequent moistening 
of the muzzle with the tongue. 

At the close of the fasting period, alfalfa hay was offered the 
animals. In each case after taking but a few mouthfuls the 


TABLE 2 

Daily record of live weight and of water drunk during fast 


BXPEKIMENT, 
ANIMAL, 
AND PEBIOD 

DATE 

LIVE 

WEIGHT 

WATER 

DRUNK 

experiment, 

ANIMAL, 
AND PERIOD 

DATE 

LIVE 

WEIGHT 

WATER 

DRUNK 


1920 

kgm. 

kgm. 


1922 

kgm. 

kgm. 

221D 




221F 




886-IV 

March 22 


11.0 

874-III 

February 1 


12.8 


March 23 

419,0* 

0.0 


February 2 

417.2=*= 

0.0 


March 23 

416. 9t 

— 


February 3 

409. G* 

0.0 


March 24 


0.0 


February 4 

404.0* 

7.2 


March 25 

402.31: 

0.0 


February 5 

404.8* 

0.0 






February 6 

400.0* 

4.0 

8S5-IV 

iVpril 5 


10.4 


February 7 

401.0=" 

0.0 






February 7 

396. 9t 



April 6 

422.4=^ 

0.8 


February 8 

— 

8.3 


April 6 

420. 9 t 

— 


February 9 

398.71: 

1.2 


April 7 


2.7 


February 10 

391.7=" 

0.0 


April 8 

415.91: 

5.2 






mi 

1 


887-III 

March 22 


15.4 

221E 1 





March 23 

319.0=" 

0.0 

885-III 

March 11 


8.4 


March 24 

312.4=" 

0.0 


March 12 

429.8=^ 

5,2 


March 26 

307.4* 

4.6 


March 13 

426.4=*' 

5.9 


March 26 

305.3* 

9.3 


March 14 

428.4=" 

0.0 


March 27 

308.0* 

3.0 


March 15 

422.0=" 

3.2 


March 28 

304.6* 

0.0 


March 15 

424. 2t 



March 28 

303. 9t 



March 16 


2.0 


March 20 


0,4 


March 17 

^ 417. 

4.4 


Marcii 30 

204. Ot 

7.4 






March 31 

290.1* 

0.0 


* Before drinkmg, at 8:00 a.m. 
t At 1:00 p.m. 
t At 6:00 p.m. 


animals lay down. After about an hour more hay was taken, 
and within twenty-four hours the animals were eating normally. 

DAILY RECORD OF LIVE WEIGHTS AND WATER DRUNK 

In table 2 the daily live weights of the animals, and the water 
drunk during the fast, have been collected for reference. The 
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animals could not be weighed while in the respiration calorim- 
eter, but were weighed before entering and upon leaving the 
chamber. Attention is directed to the wide variation in the 
daily amounts of water drunk during the fast. With one excep- 
tion (cow 885) the animals refused to drink on the first and 
second days of the fast. 

THE DAILY EXCRETION OF FECES AND URINE BY THE 
FASTING COWS 

Table 3 presents data relative to the daily excretion of feces 
and urine. These data exhibit great irregularity, and render 
obvious the difficulty of getting a true picture of the daily ex- 
cretion of fasting cows. For example, in experiment 22ir, cow 
874 excreted neither urine nor feces during the twenty-four hours 
ending February 9, 6:00 p.m., while during the following four- 
teen hours (ending February 10, 8:00 a.m.) she excreted 7.9 kgm. 
of urine and feces, containing 81.2 grams of total nitrogen, of 
which 66.9 grams were contained in the urine. This amount of 
urinary nitrogen is greater than the amount of nitrogen excreted 
in both urine and feces during any one of the preceding six days, 
and, if computed per day, would be greater than that excreted 
in both urine and feces during the three preceding days com- 
bined. This demonstrates the futility of attempting to picture 
the daily decrease of nitrogen excretion from data secured by 
arbitrarily separating the excretion into twenty-four-hour periods, 
and shows the necessity, in accurate work, of catheterizing the 
subjects at the beginning and at the close of an experimental 
period. 

Of especial interest is the persistance of crude fiber in the 
feces of cows 874 and 887 during the nine-day fasting periods. 
From this it is obvious that even during nine days of starvation 
the alimentary tract is not completely freed from feed residues, 
though the amounts of crude fiber eliminated during the latter 
part of the fasting periods are comparatively slight. 

THE PROTEIN KATABOLISM OF FASTING 

The nitrogen of the urine during short fasting periods must 
be considered to contain a small and rapidly diminishing quota 



TABLE 3 

The daily excretion of feces and urine hy the fasting cows 
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Note: U. denotes urine j F. denotes feces. 

* As determined, uneorrected for loss on drying, 
t All feces. 

t Disregarded; quantity negligible. 

I All urine. 



TABLE 4 

Average daily excretion of feces and urins hy the fasting cows {based on data of table S) 
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derived from feed residues remaining in the alimentary tract 
at the beginning of the fast. Because of the great irregularity 
of excretion of feces and urine, aside from other considerations, 
the data of table 3 do not show clearly the progress of the fast, 
and it is therefore difficult to determine how many days follow- 
ing the withholding of feed should be regarded as representing 
transition from feed to actual fasting, and whether or not the 
urinary nitrogen of the last four days of the nine-day fast may 
be regarded as representing exclusively katabolism of body pro- 
tein. In order to reduce the effect of irregularity of excretion, 
and to facilitate the interpretation of the data, we have com- 
puted from the data of table 3 several averages of the daily 
excretions, first, basing the average on all collections during the 
fasting periods, and then omitting successively the collection 
of the first day, first two days, etc. These averages are given 
in table 4. 

The data of table 4 should be studied in conjunction with the 
data of table 3 from which they were derived. In view of the 
fact that we have no available data for the urinary nitrogen of 
the three-day fasts and of the first few days of the longer fasting 
periods, it is impossible to state definitely when actual fasting, 
or the post-resorptive state, was reached. However, the great 
drop in excretion of total nitrogen between the first and third days 
in all experiments (table 3), and the practical uniformity of the 
average excretion of dry matter, crude fiber and total nitrogen, 
omitting successively the collection of the first two, three, four, 
five and six days of the nine-day fasting period (table 4), indi- 
cate very strongly that the excretion of the first two days after 
feeding caimot be regarded as representing fasting conditions, 
but that these conditions were reached soon thereafter, and 
that the urinary nitrogen of the last four days of the nine-day 
fasting periods may be safely regarded as not being affected to 
an important degree by the residual feed in the alimentary 
tract. 

It will be observed (table 4) that the average daily excretion 
of nitrogen in feces and urine for the last three days of the nine- 
day fast, is greater, with cow 874, than any of the other averages. 
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This is evidently due to the extraordinarily heavy excretion 
during the last fourteen hours of the fast (table 3), which is 
included in the average, and to the smallness of the number of 
days upon which the average is based. 

The average daily excretion of urinary nitrogen for the last 
four days, by cow 874, is 40.7 grams, and for the last three days 
is 44.9 grams. With cow 887 the average for the last four days 
is 28.7 grams, and the average for the last three days is 31.2 
grams. These differences between the averages for the last four 
and the three last days of the nine-day fasting periods are also 
obviously due to the irregularity of the daily excretions; and 
on this account the average based on the larger number of days 
is considered more nearly to represent the protein katabolism 
of fasting. 

In the periods of maintenance feeding which immediately 
preceded these fasting studies nitrogen equilibrium was ap- 
proximated (see table 1) in the presence of slight gains of energy, 
with the ingestion of 97.4 grams of nitrogen by cow 874, of 
which 73.1 grams were apparently digested, and 89.0 grams of 
nitrogen by cow 887, of which 68.5 grams were apparently di- 
gested. The comparison of these values for digested nitrogen 
with the nitrogen excreted per day in the urine (40.7 and 28.7 
grams) by these animals during fasting suggests that in the 
feeding periods they received a considerable surplus of protein 
above that required for maintenance, although this is not shown 
by the balances of nitrogen (-f2.1 and —3.8 grams), from which 
we may infer that practically all the surplus protein was used 
by the animals for energy production, in which case, of course, 
it would be without effect on the nitrogen balance. 

The live weights of cows 874 and 887 in these fasting experi- 
ments differed by almost 100 kgm. The average of the last 
four weighings (see table 2) is 397.1 kgm. for cow 874, and 
298.4 kgm. for cow 887. On the basis of these averages and the 
figures for average daily excretion of urinary nitrogen, per head, 
during the last four days of the nine-day fasting periods, namely 
40.7 grams for cow 874, and 28.7 grams for cow 887, the urinary 
nitrogen excretion of fasting, computed per 1000 pounds live 
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weight, per day, is 46.5 grams for cow 874, and 43.6 grams for 
cow 887. These nitrogen values, considered as representing 
protein katabolism of fasting, that is, katabolism of body pro- 
tein, are equivalent (using the factor 6.0) to 279 grams, or 0.62 
pounds, of protein for cow 874, and 261.6 grams, or 0.58 pounds, 
for cow 887. The average for the two cows is 270.3 grams, or 
0.60 pound, of protein. 

It is of significance to note that the protein katabolism of fast- 
ing of these animals is exactly the same as Armsby’s (1) estimate 
of the maintenance requirement of digestible crude protein, 
namely, 0.6 pound per 1000 pounds live weight. 

STJMMAET 

Results are reported of the daily excretion of urine and feces, 
and their content of dry matter, crude fiber and nitrogen, from 
four dry, fasting cows, one fasting for a period of three days, 
one for periods of three and six days, and two others for a period 
of nine days. 

The results indicate that the bulk of the residual feed which is 
contained in the intestinal tract at the beginning of a fast is 
eliminated during the first two or three days after feeding, but 
that, in the absence of treatment directed toward the freeing of 
the alimentary tract from excreta, as in these experiments, the 
elimination of the same is incomplete even after nine days of 
fasting. 

The average daily nitrogen excreted in the mine during the 
last four days of the nine-day fasting periods, which is considered 
to represent, with fair accuracy, the protein katabolism of fast- 
ing, was 46.5 grams for one cow, and 43.6 grams for the other, 
per 1000 pounds live weight. These nitrogen values are equiva- 
lent to 0.62 pound, and 0.58 pound, of body protein, respectively, 
or 0.6 pound, as an average, per 1000 pounds live weight, which 
figure is identical with Armsby’s published estimate (1) of the 
digestible crude protein maintenance requirement of cattle, and 
is 0.1 pound less than as in Morrison’s standard (3) (0.7 pound), 
which may be considered as providing more liberally for repro- 
duction and other exigencies of practice. 
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It should be borne in mind, however, that the above values for 
protein katabolized during fasting may not represent the mini- 
mum protein requirement during feeding, in which case an 
abundant supply of non-nitrogenous nutriment may reduce the 
katabolism of protein to an amount less than that prevailing 
during fast. These figures for protein katabolism of fasting, 
therefore, when used as measures of the protein maintenance 
requirement during feeding, must be considered as providing 
a certain margin of safety. 
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SOME FACTORS AFFECTING THE GROWTH OF CER- 
TAIN STRAINS OF P. ROQUEFORTI 

I. BLUE MOLD*! 

N. S. GOLDING 

University of British Columbia, Vancouver, Canada 
INTROBXJCTION 

Previous work on the manufacture and ripening of Wensleydale 
cheese (3) has shown that in certain cases good mold growth was 
developed in the cheese. In the same experiments other cheese 
using similar milk under identical conditions the blue mold 
failed to develop. As all cheese had been inoculated, it is in- 
conceivable that an absence of mold spores can be responsible 
for the lack of mold growth in the cases specified. But rather, 
that the causes of lack of mold growth might be looked for, in 
some inhibiting factor, or absence of suitable conditions for 
growth. 

The lack of oxygen in the cheese, as shown by Thom and Currie 
(10), can hardly be considered the only factor as the mold in the 
best cheese usually develops first in the center (8). 

In the previous work on the process of manufacture of Wensley- 
dale cheese (3) it is shown that a starter was added to the milk 
and that acidity was developed in the making process. It is 
shown that this acidity is due to the organisms added in the 
starter and to the organisms in the raw milk. 

The work of Hanuner and others (4) (6) shows clearly that 
marked differences exist in starters as regards the associate or- 
ganisms they contain and the acids that are produced. That 
the type of acid formed by these organisms might play an im- 
portant part in providing a suitable medium for the growth of the 

Received for publication June 10, 1925. 

i Thanks are tendered to the Department of Dairying, of the Iowa State 
College, Ames, Iowa, and to the Department of Dairying, of the University of 
British Columbia, Canada, for facilities granted and assistance given, 
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mold has suggested itself. Matheson (6) reporting on the manu- 
facture of Roquefort cheese recommends a liberal use of starter 
but gives no details as to the type of starter to be employed. 
Benson states “the ordinary commercial starter of Bacterium 
lactis is, however, not the right thing,” for Stilton or Wensleydale 
cheese (1). It is conceivable that the difference of opinion might 
well exist owing to different types of starter having been used. 

Arising from the foregoing considerations, the work reported 
in this paper has been pursued. 

OBJECT OF WORK 

The object has been to determine the influence on different 
strains of P. roqueforti of acetic and citric respectively using such 
percentage of the same as possibly might be found in sour milk 
(4) (5) (9). 


CULTURES USED 

The cultures of P. roqueforti used were: 

No. 1, P. roqueforti secured from Dairy Division, Washington (2). 

No. 16, Isolated from Wensleydale cheese (2). 

No. 32, Isolated from Wensleydale cheese inoculated with culture 16 
(3). 

No. 33, Isolated from Wensleydale cheese inoculated with culture 
16 (3). 

MEDIA 

Milh. Sweet skim milk in which no bacterial change had taken 
place was used in every case. Test tubes of uniform diameter 
were selected, filled with exactly 10 cc. of milk, plugged and 
sterilized. 

Milk + citric acid. A citric acid solution was made of such 
strength that it contained 0.0327 gram of citric acid (CbHsOt + 
HaO) per cubic centimeter. This was added to test tubes plugged 
and sterilized. The milk and acid solution were well cooled and 
two lots of acid milk of high and low concentration were prepared 
by adding 1 cc. and 0.5 cc. respectively to each 10 cc. tube of 
milk, under sterile conditions. The concentrations of citric 
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acid were, therefore, 0.272 and 0.1423 per cent (CsHsOt, HjO), 
respectively. 

Milk + acetic acid. An acetic acid solution was made up of 
such strength that it contained 0.01008 gram of acetic acid per 
cubic centimeter. Owing to the volatile nature of acetic acid, 
1 cc. of glacial acetic acid, assumed to be sterile, was added to 
100 ce. of sterile water. The milk and acid solutions were thor- 
oughly cooled and two lots of acid milk of high and low concen- 
trations were prepared by adding 1.5 and 0.5 cc. respectively, 
to each 10 cc. tube of milk under sterile conditions. The con- 
centrations of acetic acid in the milk were 0.131 and 0.048 per 
cent (CH3COOH), respectively. 

Standard medium. Standard medium originating in part from 
Czapeks formula (10) was made up as follows: 


Distilled water 2000 cc. 

Magnesium sulphate 1 gram 

Dipotassium phosphate 2 grams 

Potassium chloride 1 gram 

S. ferrous sulphate 0.02 gram 

Peptone 20 grams 

Lactose 50 grams 

•^Sar 30 grams 


Standard medium + citric add. Two concentrations of stand- 
ard medium and citric acid were prepared of such strength that 
either 1 or 0.5 cc. of the solution of citric acid (0.0327 gram per 
cubic centimeter) were added to each 10 cc. of the standard 
medium; the media were then tubed and sterilized. By this 
method concentrations of citric acid were obtained of 0.272 and 
0.1423 per cent (CeHgOr, HjO), respectively. 

Standard medium -b acetic acid. The acetic acid solution was 
prepared as in the case of the milk and acetic acid previously 
referred to. To each 10 cc. test tube of the sterile standard 
medium either 1.5 or 0.5 cc. of this solution (0.01008 gram 
CH 3 COOH per cubic centimeter) were added under sterile con- 
ditions. By this method concentrations of acetic acid were 
obtained of 0.131 and 0.048 per cent CH 3 COOH, respectively. 
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METHODS 

Inoculation. The test tubes of milk were inoculated from stock 
cultures grown on potato agar (11) using a platinum needle. 

The plate cultures w'ere first poured and allowed to cool on a 
flat surface. The inoculation was done from the cultures using 
a platinum needle, and every endeavor was made to develop 
but one colony and that in the middle of the plate. 

Incubation. All cultures were growm in a room temperature 
incubator which averaged 21°C. and maintained a temperature 
between 22.5° and 20°C. 

Measurement of growth in milk. The method used to deter- 
mine the degree of growth in the milk, and modification of nailk, 
was to hold the cultures ten da 3 ''s after inoculation and then 
determine the percentage of casein not digested. Standard 
Methods of Analysis were used (7) and the Kjeldahl determina- 
tions were made by the Gunning method. 

Measurement of growth on solid media. The growdh on the 
plates of solid media was recorded after the third day and then 
daily. This record included: 

Margin, average width in millimeter 
Size, average diameter of colony 
Color of spores, when spores were formed 
Color of reverse of colony 

In measuring the rate of growth, it was found that the average 
diameter of the colony in millimetei’S wms the most satisfactory 
way of expressing the rate of growth of the mold. 

DIFFERENT STRAINS OP P. ROQUEFORTI GROWN IN MILK AND ACIDI- 
FIED MILK 

Four varieties of milk media, as previously described, were used 
in this experiment (see table 1). The high concentration of citric 
acid was not analyzed as considerable coagulation and precipita- 
tion of the casein took place when the acid was added. Quan- 
titative determinations were made of the degree to which the 
cultures of different strains of P. roqueforti digested the casein 
of these milks. 
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The conclusions to be drawn from table 1 are: 

1. The mold cultures of P. roqueforti 1 and 33 respectively 
(Roquefort origin) have a greater power to digest the casein than 
have cultures 16 and 32 (Wensleydale origin); which findings 
confirm previous work (2) (3). 

2. There is a tendency for low concentrations of citric and 
acetic acids to effect the digestion of casein in milk by P. 
roqueforti: 

TABUS! 


Different strains of P, roqueforti grown in milk and acidified milk cultures grown 
at room temperature in test tubes for ten days 


CTJLTUEES 

MILK 

MILK 

-f 0.5 cc. 

ACETIC ACID 

OR O.OiS PER CENT 
ACETIC ACID 

MILK ' 

4- 1.5 cc. 

ACETIC acid 

OR 0.131 PER CENT 

ACETIC ACID 

MILK 

H- 0,6 cc. 

CITRIC ACID 

OR 0. 1423 PER CENT 
CITRIC ACID 

I Per cent 
casein 

Per cent 
of casein 
digested* 

Per cent 
casein 

1 

Per cent 
of casein 
digested* 

Per cent 
casein 

Per cent 
of casein 
digested*! 

Per cent 
casein 

Per cent 
of casein 
digested* 

Uninoculated 









control 

3.10 


3.04 


3.08 


3.03 


1 

2.20 

29.0 

2.35 i 

22.7 

2.51 

18.5 

2.18 

28.1 

33 

2. OS 

32.9 

2.28 

25.0 

2.18 

29.2 

1.87 

38.3 

Average 


30.9 


23.8 1 




23.8 


33.2 

16 

2.79 

10.0 

2.96 

2.6 

2.83 i 

8.1 

2.68 

11.0 

32 

2. 87 

7.4 

2.91 

4.3 1 

2.82 ^ 

8.4 

2.67 

11.9 

Average 


8.7 


i 

3.4 ! 


8.2 


11.7 


* This figure represents the’ percentage of the total casein that has been ren- 
dered soluble. 


a. Acetic acid tends to reduce this digestion of casein par- 
ticularly in weak concentrations. 

h. Citric acid tends to increase this digestion of casein. 

DIFFERENT STRAINS OF P. ROQUEFORTI GROWN ON THE STANDARD 
MEDIUM AND ACIDIFIED STANDARD MEDIA 

In this experiment five modifications of media were used — 
the standard medium, a high and low concentration of the stand- 
ard media and citric acid (figs. 1 and 2). 



Diameter of colony in millimeters Diameter of colony in millimeters 


FACTOES AFFECTING GROWTH OF P. ROQUEFOETI 


33 


At room temperature 
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All plates were inoculated in duplicate and the average di- 
ameter of the colony on the two plates was measured daily and 
expressed in millimeters. The rate of growth has been expressed 
graphically for each culture, figures 1 and 2. The conclusions to 
be drawn from figures 1 and 2, are: 

1. Citric and acetic acids when in small quantities in the 
standard media have a marked effect on the rate of growth of 
the mold. 

2. Cultures 16, 32, 33, grow much faster where acetic acid is 
supplied to the standard media and this growth increases with 
the higher concentration. 

3. Cultures 16, 32, 33, grow much slower where citric acid is 
supplied to the standard media and this growth decreases with 
the higher concentration. 

4. Culture 1 does not follow this rule. This strain increases 
in growth with the presence of either acid, but shows a slight 
preference for acetic acid. 

5. The width of the margin is in conformity with the rate of 
growth; the wider the margin the faster the growth. 

From the other data recorded, the following facts are of sig- 
nificance: 

1. In the case of cultures 16, 32, 33, the reverse of the colony 
is almost white, in plates containing high citric acid concentration; 
this effect is noticed to a less extent with the low concentration. 
In the case of culture 1, this effect was not observed. 

2. Cultures 16 and 32, produce fewer spores and a quite dis- 
tinctive hairy growth when grown on the media containing acetic 
acid. 


SUMMARY 

Citric acid and acetic acid in amounts comparable with those 
found in starters (4) (6) (9) have an effect on the growth of differ- 
ent strains of P. roqueforti, both as effecting the digestion of 
casein and growth on the standard media described. Low con- 
centrations of acetic acid tend to reduce the digestion of casein 
in milk by straius of P. roqueforti while citric acid tends to in- 
crease this digestion. 



36 


N. S. GOLDING 


On the other hand in the standard media acetic acid increases 
the growth while citric acid tends to inhibit it. 

This work would indicate that the type of starter used in the 
manufacture of blue veined cheese might have a significant bear- 
ing on the subsequent growth of the mold in the cheese. At this 
stage it is advisable to point out that before definite conclusions 
can be drawn more work will have to be done, both culturally 
and as applied to the manufacture of blue veined cheese. 

REFERENCES 

( 1 ) BensoNj John 1911 The manufacture of Stilton and Wenslej^'dale Cheese. 

Jour. B. D. F. A., xxv, 13-20. 

(2) GoldinGj N. S. 1925 The mold associated with the ripening of blue veined 

cheese. Mycologia, xvii, no. 1, Lancaster, 

(3) Golding, N. S. 1924 Wensleydale cheese. Part I. Manufacture on the 

Coast of British Columbia. Part II. Mycological and chemical 
studies. In manuscript. 

(4) Hammer, B. W., and Sherwood, F. F. 1923 The volatile acids produced by 

starters and by organisms isolated from them. Resell. Bull. No. 80, 
Iowa State College, Ames, Iowa. 

(5) Hammer, B. W., and Bailey, D. E. 1919 The volatile acid production of 

starters and of organisms isolated from them. Resch. Bull. No. 55, 
Iowa State College, Ames, Iowa. 

(6) Matheson, K. J. 1921 Manufacture of cow’s milk Roquefort cheese. 

Bull, 970, Bur. An. Ind. U. S. Dept. Agr. Washington. 

(7) Methods of Analysis 1920 Association of Official Agricultural Chemists, 

Washington, D. C. 

(8) Percival, J., and Mason, G. Heather 1913 The micro-flora of Stilton 

cheese. Jour. Agr. Sci., v, 222-229. 

(9) Richmond, H. D. 1920 Dairy Chemistry, p. 37, Charles Griffin and Co., 

Ltd., London. 

( 10 ) Thom, Charles, and Currie, James N. 1913 The dominance of Roque- 

fort mold in cheese. Jour. Biol, Chem., xv, no. 2, 249-258. 

(11) Thom, Charles 1906 Fungi in cheese ripening. Camembert and Roque- 

fort. U. S. Dept, of Agr. Bur. of An. Industry, Bull. 82, Washington. 



THE ROLE of the ANTISCORBUTIC VITAMIN IN 
THE NUTRITION OF CALVES* 


L. M. THURSTON, C. H. ECKLES and L. S. PALMER 

University of Minnesota^ St, Paul, Minnesota 

It is definitely known that naan, the guinea pig and the mon- 
key require a certain amount of the substance which is termed 
vitamin C or the antiscorbutic vitamin; and that unless the 
required amount of this vitamin is supplied by the food a hemor- 
rhagic disease known as scurvy develops. It is also known that 
the rat, when fed on rations which produce scurvy in man, or 
in the animals mentioned, fails to develop the disease. The 
experimental work of Parsons and co-workers (1) (2) (3) and of 
Lepkovsky and Nelson (4) gives considerable evidence that the 
rat is able to synthesize the antiscorbutic vitamin and store it in 
the liver. These investigators consider this an indication that 
this rodent requires vitamin C and that its body is able to pro- 
duce the vitamin for use even though there is httle or none 
present in the feed. 

A review of the hterature on the subject of vitamin C does not 
reveal any instance on record where an experimental study has 
been made of the requirement of the bovine for the antiscorbutic 
factor. The need for definite knowledge regarding the role of 
the antiscorbutic vitamin in the nutrition of dairy cattle has 
been felt for some time both by veterinarians and by men 
interested in solving various problems in the field of cattle 
nutrition. Two outbreaks of a scurvy-like disease of cattle have 
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been reported, one from England, the other Australia, apparently 
caused by faulty nutrition. A striking similarity is noticeable 
between the characteristics of the disease as reported for these 
cattle and the well known symptoms of scurvy as found in 
guinea pigs which have been fed rations deficient in the anti- 
scorbutic vitamin. 

Place (5) of Australia says. 

Look for a moment at a case of scmvy with its anemia and cachexia, 
its local hemorrhages and hemorrhagic inflammation, the spots upon the 
ribs, their dislocation from cartilages with perhaps neuritis and anes- 
thesia of the limbs, and compare it with a coasty heifer with her blood- 
less eyes and bottled jaw, her gaspy breath, due to her ribs failing to 
distend, her tottering walk and swollen fetlocks, and finally her feeble, 
helpless efforts to control her limbs and raise her wasted carcass. 

Place further states that “one of the symptoms of this form of 
disease in cattle (dental trouble) is a blue hyperemia of the 
gums and in some instances ulceration.” 

The occurrence of such a disease in England was noted by Little 
(6) who reports finding heifers, which had been fed on a ration 
that would undoubtedly produce scurvy in guinea pigs, showing 
many of the symptoms commonly noted in animals known to 
have scurvy. When first noticed some of these aniTnals were 
dead or dying. On investigation Little diagnosed the cases as 
scurvy and was actually able to prevent further deaths by feeding 
either green grass, kohl rabi or swedes. Whether these out- 
breaks were due to a deficiency or absence of the antiscorbutic 
vitamin, or whether they were due to some other nutritional 
cause has been the point for considerable debate. The authors 
believe that the results of the experiment herein reported will 
throw light upon this particular question. 

BXPEEIMENTAL 

The first consideration in an experiment of this nature was to 
secure a ration which while deficient or lacking in vitamin C, 
would furnish adequate quantities of all the other nutritional 
factors necessary for life and growth. Since the requirement 
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of the bovine for many of these factors was at the time unknown 
it was necessary to base all considerations on the nutritional 
requirements of small laboratory animals. 

The work reported in this paper was divided into two experi- 
ments. The first experiment gave significant results, but it was 
clear that the procedure could be improved considerably, and 
for this reason certain changes were made in the experimental 
methods followed in the second experiment. 

Experiment 1 

Ration. Specially treated alfalfa hay was the roughage fed 
during the first five months of experimental feeding. Treat- 
ment of this alfalfa consisted of autoclaving it for thirty minutes 
at a pressure of 15 pounds. Oat straw was substituted for the 
treated alfalfa hay during the fifth month because the demands 
of the calves for increased amounts of roughage became so great 
that it was difficult to autoclave as much alfalfa as the calves 
required. 

Milk was fed to all the calves until they reached the age of 
six months. After considerable experimentation a definite 
method for treating the milk was adopted. The milk was 
heated to a temperature of 180°F. and held at that point for 
one hour. Throughout the time of holding oxygen from a 
storage drum was allowed to bubble through the milk at the rate 
of about 1 cubic foot per minute. 

A grain mixture was fed consisting of 3 parts corn, 3 parts 
oats and 1 part old process linseed oil meal. To this mixture 
was added 5 per cent butterfat as a source of vitamin A and 
the antirachitic factor. One per cent of salt was also added. 
When the roughage was changed from alfalfa to timothy hay 
183 grams of calcium carbonate were added to every 100 pounds 
of grain. 

Animals. Four grade calves of uniform weight and appear- 
ance were used in this experiment. Two of these calves, E-3 
and E-4, were used as experimental animals and received the 
ration deficient in the antiscorbutic factor. The other two, 
E-1 and E-2 were used as controls. The controls received the 
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same ration as the experimental calves with the exception that 
vitamin C was supplied. Lemon juice was first used as a source 
of this ^dtamin but the labor and expense involved soon caused 



Fig. 1. Weight Curves op Guinea Pigs Used in a Feeding Trial to Deter- 
mine THE Scorbutic Potency of Milk Which Has Been Held foe One 
Hour at a Temperature op 180° F. While Oxygen Bubbled Through It 
AT THE Rate op About 1 Cubic Foot per Minute 

Horizontal squares represent four days, while vertical squares represent 50 
grams. 

the substitution of tomato juice and tomatoes were then used 
throughout the experiment. 

During the early part of the experiment all of the feeds used 
were tested for their content of the antiscorbutic factor by feeding 
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trials with guinea pigs. All of the feed-stuffs used were shown 
to be deficient in vitamin C as they caused a rapid decline in 
the weight of the guinea pigs and finally death. Autopsy in- 
variably showed very noticeable signs of scurvy. The data on 
one of the experiments, the results of which are typical of all 
the others, are presented in figure 1. 

Effect of dejiciency of vitamin C on growth and appearance of 
calves. Experimental feeding of the calves used in this trial 



Days 

FkE 2. (iHOWTll CUKV.E.S OF TwO OP THE CaLVEES IJsED IN EXPERIMENT 1 
]^]-3 received a vitamin C deficient ration while E-1 received the same ration 
supplemented by tomato juice as a source of vitamin C. 

was begun in November, 1922, when the calves were all ap- 
proximately one hundred days old. During the following winter 
careful and numerous observations were made with the expec- 
tation that early signs of scurvy might be detected by noting the 
appearance and action of the calves. About January' 26 signs 
of stiffness were noticed in the control calf E-2 and in the ex- 
perimental calf E-3. Later in the winter all four of them showed 
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abnormal stiffness of the joints. This stiffness cannot be at- 
tributed to a deficiency of the antiscorbutic vit;imin, however, 
for two reasons: First, the stiffness occurred in the control 
calves receiving the tomato juice as noticeably as it occurred 
in the experimental calves; and second, the stiffness disappeared 
when cod liver oil was substituted for butterfat in the ration, 
and never occurred during the second trial when the ration was 



Fig. 3. Growth Curves op Two op tiiu C.m.ves Uskd in M.\i>p,tuMEN'i 1, 

E-4 received a vitamin O de/iciont ration while ]<;-2 received the .satno ration 
supplemented by tomato juice as a source of vitaniin (J. 

supplemented by cod liver oil and calcium caiTionatc. d'hc 
growth of the experimental calves was fully ecjual to that of 
the controls. 

Figures 2 and 3 give a comparison of the growth curves of 
the experimental calves and the controls with the normal growth 
cuive. Figures 4 and 5 show two of the calves as they appeared 
at the close of the experimental feeding. 

Autopsies were made on both of the experimental calves and 
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on one of tlie controls at the close of the experiment. These 
autopsies failed to show the lesions characteristic of sciiiAy. 
Following ai‘e the autopsy statements taken: 

E-2 (control). Gums normal; teeth solidly imbedded in jaw; 
ankles and hocks normal. An ahiiornial amount of sinovial fluid and 
grease was found between the skin and flesh and between bone joints. 
The lymph glands and intestines were normal, no hemorrhagic areas 
being found. Small, nearly indistinguishable hemorrhagic spots were 



Fm. 4. Calf E-1 at thf Aoe of 45S Days AFTiot 304 Days on Expliument 
This iuiimiil received a vitamin G deficient ration supplemented by tomato 
juice. As miglit be exi)ected she grew normally in every respect. 


noticed at the costochondral junctions. The general condition of the 
carcass was pronounced normal both by the attending veterinarian 
and by the instructor in meats in the Agricultural College. 

E-3 (experimental). Gums normal; teeth solidly imbedded in jaw; 
knee joints larger than normal but not hemorrhagic; hock joints had 
hemorrhagic spots 2 inches in diameter on each side. An abnormal 
amount of sinovial fluid was found in the joints. Intestines and lymph 
glands were normal and showed no hemorrhagic areas. The costo- 
chondral junctions were hemorrhagic and two of them were slightly 



44 


L. M. TIIITIifc^TONj C. H. EOKLES AND L. S. PALMER 


swollen. The carcass wais pronounced normal except for the hemor- 
rhagic areas noted above. 

E-4 (experimental). Gums normal; teeth solidly imbedded in jaw; 
ankles normal; slightly" distinguishable hemorrhagic areas on hock 
joints. A large abscess was found on the liver. The lymph glands of 
the intestines were hemorrhagic and slight hemorrhagic areas were 
noted on the costochondral junctions but no swellings could be found. 



Fin. y Calf E-4 at the Ann op 445 Days after 3G5 Days op Experimental 

Feedincj 

This animal grew normally on a ration extremely low in its Antamin C content. 
Guinea pigs on the same ration die of scurvy in less than thirty days. 

At the close of the experiment the control Ccalf, E-1, was preg- 
nant and was changed to the vitamin C deficient ration which 
she received for the three following months until she dropped 
her calf. This was done in order to secure a calf for a second 
trial that would have its body reserve of the antiscorbutic factor 
as low as possible. E-1 w'as slaughtered soon after calving, 
and some rather surprising abnormalities were found when hei' 
carcass was examined. All her costochondral junctions were 
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SO greatly enlarged that they were noticeable as soon as the 
chest cavity was opened. Suspecting that these enlargements 
were characteristic of rickets rather than of scurvy several of 
the enlarged junctions were examined histologically by Dr. 
Kernkainp and through his courtesy the report which follows 
is available. 

Histologically the section sho\v.s hyperplasia of o.steoid tissue in 
certain areas. There is a proliferation of dense white fibers and also 
there arc irregular masses of cartilage tissue with cartilagenous cells 
arranged in little groups or nests surrounded liy a hyaline matrix. 
Marrow spaces were filled with white fibers, marrow cells and some 
Wood vessels. However, the zone of calcification could be seen and 
was regular, but the band of proliferative cartilage was irregular. 

Dr. Kernkamp believed the bone showed signs of rickets but 
hesitated to definitely pronounce it as a distinct case of rickets. 


Experiment 2 

The majority of the evidence accumulated as a result of the 
first exioeriment indicated that calves either liave no vitamin (1 
requirement or that the amount needed is so low that it cannot 
be measured by feeding trials with guinea pigs. However, the 
presence of a few of the scurvy-like lesions in the bodies of the 
exioerimental animals at the end of the trial as previously noted 
left some possibility of doubt as to the truth of such a conclusion. 
Consequently a second trial was begun in which it was the aim 
of the investigators to create more severe conditions relative to 
the deficiency of vitamin C, as well as to protect more efficiently 
against rickets by alterations in the ration. 

In creating more severe conditions in this experiment calves 
less than two weeks old were placed immediately under condi- 
tions which would minimize the possible storage of the anti- 
scorbutic factor. One of the calves, E-39, was dropped by E-1, 
which as previously mentioned, had for three months pre\dous 
received a ration very deficient in vitamin C. By this means 
it was expected that the possibility of a reserve of that factor 
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would be considerably lowered. Three other calves were ob- 
tained from a grade cow market near the college. 

The ration used in this trial varied in two particulars from that 
used in the prerdous one. A mixture of timothy and wild bay 
was used in this case in place of the oat straw. No butterfat 
was fed in this trial but a drench of cod liver oil was used as a 
source of vitamin A and the antirachitic factor. The grain mix- 
ture was the same as previously used. 
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Fig, 6. Growth Curves of the Calves Used in Experiment 2 
E-39 received a vitamin C deficient ration while E-42 received the same ration 
supplemented by tomato juice. 

The timothy and wild hay was bought in a quantity sufficient 
to last throughout the entire year. A representative sample 
of this hay was taken and fed ad libitum to guinea pigs along 
with the grain ration. All of the guinea pigs died of scurvy with- 
in three weeks. The other portions of the ration had already 
been tested in the previous trial and were known to be deficient 
in the antiscorbutic vitamin. 
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As in the previous tiinl the experimental feeding was carried 
on over a period of one year. At no time during this trial was 
stiffness noted in any of the calves. A glance at the growth 
curves (figs. 6 and 7) shows that all calves made normal growth 
and again the growth of the calves on the deficient ration was 
slightly better than that of the controls. Figures 8 and 9 show 
two of the calves as they appeared at the end of the experimental 
feeding. 



Fitj. 7. (htowTH Curves of Two of the Calves Used in Experiment 2 

E-45 received a ration deficient in vitamin C wliile E-44 received the same 
ration supplemented by tomato juice as a source of vitamin C. 

E--39 (experiniental) is now pregnant and will not be slaugh' 
tered for autopsy. E-42 (control) was not slaughtered for 
autopsy. E-44 (control) and E-45 (experimental) were slaugh- 
tered, however, and the following autopsy findings were reported : 

E-44 (control). Perfectly normal throughout except for excessive 
amount of oily fluid at joints. Ribs, teeth, gums, and internal organs 
were all normal. 











Fig. S. Calf E-44 at the Ace of 3G7 14ays afteh 3{)5 Days ont ICxpehiment 
This animal received a ration deficient in vitamin ( ■ supplemented by tomato 
juice as a source of this vitamin. As might be e.xpected this calf grew norma, lly 
in every respect. 


THE Ace of 3G( 
‘mally on a ratio] 
die of scurvy in 
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E-45 (experimental). Perfectly normal except for oiliness at joints. 
The spleen was slightly hemorrhagic but all other organs, teeth, Joints, 
and costochondral junctions were free from hemorrhagic areas and 
swelling. The calf did not have scurvy. 

These results indicate that the stiffness noticed in the calves in 
trial 1 and the hemorrhagic areas and svi^elhngs found on autopsy 
may be attributed to a deficiency of minerals or to a deficiency 
of the antirachitic factor rather than to a deficiency of the anti- 
scorbutic vitamin. 

A study of the vitamin C content of the livers of these calves 
is now under way with a view of offering an answer to the ques- 
tion, does the bovine synthesize vitamin C or does it have ab- 
solutely no requirement for this factor? These results wdll be 
reported at a later date. 


CONCLUSION 

Calves do not require vitamin C in quantities that can be 
measured by the present method of testing food materials for 
their antiscorbutic potency by feeding them to guinea pigs. 

Under practical conditions, even where very poor feeding 
practices are followed, there is little if any reason to believe the 
well-being of the calf will be affected by a shortage of vitamin C. 
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HUMIDITY EQUILIBRIA OF MILK POWDERS* 

G. C. SUPPLES 

Eesearch Laboratories of The Dry Milk Company, New York 

The absorption of atmospheric moisture by milk powders is 
a matter of no httle consequence in its effect upon the keeping 
qualities of the product during storage. The preservation of 
its initial eollodial structure and the prevention of the manifesta- 
tion of the characteristic stale taste and odor and darkening of 
the color is to a large extent dependent upon the degree of success 
which can be attained in preventing the absorption of moisture 
from the air. Supplee and Belhs (1) have shown that a progres- 
sive development in the insolubihty of milk powder casein is 
brought about by a moisture content and time relationship. 
Fouassier (2) has also shown the same phenomenon to be the 
result of a moisture and temperature relationship. Holm and 
Greenbank (3) have submitted data indicating that moisture 
content is involved in the development of tallowyness in dry milk 
containing fat, as well as in the development of a characteristic 
stale condition. These investigators state that a low moisture 
content is particularly favorable for the development of the tal- 
lowy condition, whereas a high moisture content causes a char- 
acteristic stale taste and odor defect described as fishy. These 
observations have been confirmed by the author (4) although the 
stale non-tallowy condition has in no instance been recognized 
as fishy. 

The general agreement, even from limited data, as to the im- 
portance of moisture content of dry mUk as a factor affecting its 
keeping properties during storage, warrants definite information 
showdng the degree to which moisture may be absorbed under 
natural conditions. Such data have been obtained and are re- 
ported herein as representing substantially the humidity equilibria 
at various vapor pressures. The data are not presented as ab- 

* Received for publication December 23, 1924. 
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solute humidity equilibria values because it appeared that certain 
samples would not reach stability for several months and possibly 
not until after several years. Therefore, in view of the normal 
periods during which milk powder is held, practical considerations 
were taken into account. In no case were records kept for longer 
than six months and in numerous instances where equilibrium 
had apparently been reached the final record was obtained after 
a much shorter period. The final data for those samples which 
had not reached constant weight were recorded only after two 
successive weighings two weeks apart showed a fluctuation of 
0.05 per cent or less. 

The methods described by Wilson (5) and Wilson and Fuwa 
(6) were used, but since information regarding the time required 
to reach equilibrium was desired, the aspiration method described 
by these writers was used only as a check method for a few 
samples. Since close agreement with the longer holding method 
was obtained, the results are not duplicated herein. Varying 
percentages of sulphuric acid solutions were used to obtain a 
range of vapor pressures corresponding to relative humidities 
from 10 to 80 per cent at 25°C. Approximately two grams of 
milk powder were placed in small vials and held over the different 
acid mixtures in tightly sealed Mason jars. Powders prepared 
by six different methods of manufacture, as well as powders 
containing different amounts of fat, were used for the determina- 
tions. All samples, when placed at the various humidites con- 
tained less than 2.5 per cent moisture and were representative of 
fresh normal stock unless otherwise noted. Weighings were made 
at short intervals during the first four weeks and at two week 
intervals thereafter. After hydration at the different humidities 
had been completed, or practically so, all samples at humidities 
lower than 80 per cent were placed in an atmosphere correspond- 
ing to this vapor pressure and allowed to reach equilibrium which 
in no case required more than three weeks. The samples were 
then returned to the respective humidities at which they had 
been previously hydrated. The purpose of this procedure was to 
determine whether the curve of dehydration corresponded to the 
hydration curve. As will be shown hereinafter marked differ- 
ences were found. 
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Table 1 shows the moisture content of six different brands of 
skimmed milk powder, each representing a different method of 
manufacture. Sample 1 represents a product made by the Just 
double cylinder process in which the milk is not pre-condensed. 
Sample 2 represents the product from a single roller drum process 
in which low drying temperatures are used and in which the milk 



Relative humidity 

Chaet L Moisture-Humidity Equilibrium Curves for Six Skimmed Milk 

Powders (Table 1) 

The broken curve is hydration and the smooth curve is dehydration. The 
dotted section indicates the area of greatest instability. 


is previously condensed. Sample 3 represents a spray process 
product in the manufacture of which unusually high initial tem- 
peratures are used. The milk is not pre-condensed. Sample 4 
represents a product from a European centrifugal spray method 
in which the milk is precondensed. Sample 5 represents the 
product from a spray method extensively used in this coimtry 
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and for which the milk is previously condensed. Sample No. 6 
represents the product from a still different type of spray process 
employed in this country but for which the milk is not pre- 
condensed. The results given in table 1 are the averages obtained 
from triplicate samples. 

Chart 1 is constructed from the average results obtained from 
the different samples of skim milk powders recorded in table 1. 



Eelative humidity 

Chart 2. Moistttre-Hhmidity Hydration Eqitiubrittm Chrvbs for Just 
Process Milk Powders with Variable Fat Contents (Table 2) 

The dotted sections indicate the area of greatest instability 

Table 2 shows the average results obtained from duplicate samples 
of Just Process powder containing variable amounts of fat. 
Charts 2 and 3 are constructed from the data in table 2, chart 2 
showing hydration curves and chart 3 showing dehydration curves 
for the same powders. All results are reported on the basis of 
dry weight of the powder. 
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The results obtained show that the vapor pressure equilibria 
of milk powders involves certain features of peculiar interest. 
The characteristic type of the hydration curve and especially 
the break in this curve at approximately the same level for all 
powders of the same protein content, irrespective of the method 
of manufacture, but at different levels for powders with different 



Relative humidity 

Chaet S. MoisTURE-HuMiBiTy Dehydration Equilibrium Curves for Just 
Process Milk Powders with^ Variable Fat Content (Table 2) 

protein contents, appears to involve the application of a funda- 
mental principle governing moisture absorption by certain col- 
lodial materials. (Chart 1 shows only the compositve curve for 
all skimmed milk powders, but if each powder had been charted 
separately the same phenomena would be revealed in each in- 
stance.) Special significance lies in the interpretation of the 
practical aspects of the results in that the maximum moisture 
content at 50 per cent humidity was found by actual measurement 
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to have been reached within a few hours. The rate of decrease, 
however, after the maximum had been reached and until constant 
weight was obtained, was very slow as illustrated by the fact 
that in practically all instances decreasing weights were recorded 


TABLE 2 

Humidity equilihria of Just Process milk powders with variable fat content‘d 


HUMID- 

ITY 

1 PEB CENT 

FAT IN POWDER 

5.5 PER CENT 

FAT IN POWDER 

12 PER CENT 

FAT IN POWDER 

27 PER CENT 
PAT IN POWDER 

53 PER CENT 
PAT IN POWDER 


1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

10 

1.24 

3.77 

1.12 

3.13 

0.91 

2.75 

0.77 

2.33 ^ 

0.42 

1.31 

20 

2.56 

5.23 

2.41 

4.61 

2.00 

4.14 

1.69 

3.59 

1.01 

2,22 

30 

4.07 

6.31 

3.75 

5.70 

3.31 

5.18 

2.83 

4.51 

1.79 

2.94 

40 

6.09 

7.18 

5.67 

6.61 

4.98 

6.02 

4.32 

5.25 : 

3.04 

3.42 

50 

6.53 

8.06 

6.20 

7.58 

5.88 

6.87 

4.48 

5.90 

2.85 

3.96 

60 

8.71 

9.20 

7.92 

8.69 

7.50 

7.90 

5.61 

6.72 

3.88 

4.51 

70 

11.10 

10.73 

10.28 

10.20 

9.47 

9.29 

7.20 

7.92 

5.23 

5.42 

80 

14.49 

14.49 

14.00 

14.00 

12.68 

12.68 

10.01 

10.01 

7.37 

7.37 


* Column 1 gives the hydration figures and column 2 the dehydration figures. 


TABLE 3 

Rate of absorption and release of moisture by skimmed milk powder in an atmosphere 
with 50 per cent humidity 


TIME 

PER CENT MOISTURE 

TIME 

PER CENT MOISTURE 

1 hour 

4.26 

18 hours 

8.76 

2 hours 

5.19 

30 hours 

9.40 

3 hours 

5.98 

33 hours 

9.45 

4 hours 

6.71 

38 hours 

9.42 

5 hours 

7.07 

53 hours 

9.21 

6 hours i 

7.36 

65 hours 

8.91 

8 hours 

8.02 

9 days 

7.S8 

10 hours 

8.19 

19 days 

6.61 

12 hours 

8.35 

28 days 

6.51 

14 hours 

8.58 

42 days 

6.41 

16 hours 

8.68 

56 days 

6.38 


at this humidity for a period of two to three months. An illus- 
tration of the rate of moisture absorption and subsequent release 
at 50 per cent humidity for one of the skimmed milk powders is 
shown in table 3. It is to be noted that absorption was very 
rapid during the first few hours and that the maximum was at- 
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tained after thirty-three hours. Thereafter there was a gradual 
decrease extending over a period of eight weeks before constant 
weight was reached. Rapid absorption in excess of the final 
equilibrium capacity was also noted at humidities of 60 and 70 
per cent. The range, however, between the maximum and the 
point at which equilibrium was finally established, was not as 
great as at 50 per cent. The records from powder held at 40 per 
cent humidity or lower showed continuous absorption, or only 
slight dehydration depending upon the initial moisture content, 
to the point designated as equilibrium. 


TABLE 4 

Comparison of humidity equilibria of shimmed milk powder subjected to various 

treatments'^ 


HUMIDITY 

FRESH SAMPLE 

NO TREATMENT 

SAMPLE HEATED TO 100“C. IN 
VACUO FOR ONE HOUR 

SAMPLE .^.LLOWED TO ABSORB 
10 PEE CENT MOISTURE 

AND THEN DRIED OVER 

P 2 O 5 AT 50“C. 


1 

2 

1 

2 

1 

2 

10 

1.24 

3.77 

0.75 

2.50 

0.45 

0.78 

20 

2.66 

6.23 

1.57 

3.70 

0.92 

1.49 

30 

4.07 

6.31 

2.71 

4.57 

1.5 S 

2.16 

40 

6.09 

7.18 

4.18 

6.20 

2.41 

2.89 

60 

6.63 

8.06 

4.67 

6.02 

3,71 

3.80 

60 

8.71 

9.20 

6.70 

7.51 

4.28 

4.59 

70 

11.10 

10.73 

9.30 

9.80 

5.27 

6.38 

80 

14.49 

14.49 

13.79 

13.79 

10.99 

10.99 


* Column 1 shows the hydration figures and column 2 the dehydration figures. 


In contrast with the hydration results it is to be noted that the 
dehydration curves represent typical absorption curves. While 
various possibilities might be suggested as causing these differ- 
ences, as well as in explanation of the characteristic hydration 
curves, it is believed that the most tenable explanation involves 
application of the general laws of capillarity as applied to col- 
lodial matter. In this connection it is to be noted, however, that 
nearly three weeks were required for saturation at 80 per cent 
humidity before the samples were again returned to the lower 
humidities for dehydration. Since it has been previously shown 
(1) that high moisture and time are factors which bring about 
marked changes in the properties of milk powder casein, it is 
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probable that these samples at the beginning of dehydration 
possessed properties of an entirely different character than before 
hydration. The phenomenon of hysteresis may therefore be 
involved. Although the question of insufficient time for estab- 
lishing complete equilibrium is not entirely excluded, this factor 
is considered to be irrelevant for all practical considerations. The 



Chart 4. Moisture-Humidity Equilibrium Curves for Just Process 
Shimmed Milk Powder Subjected to Previous Heat Treatment 
AND Moisture Saturation (Table 4) 

The broken curves are hydration and the smooth curves are dehydration. The 
dotted sections indicate the areas of greatest instability. 

possiblity of hydration of anhydrous lactose has been considered^ 

and while it is known that such a change does take place in milk 
powder of high moisture content after prolonged storage, the 
information obtained in connection with this work indicated that 
the anhydrous form was not completely converted to the stable 
monohydrate. 
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It is well known that the absorptive properties of collodial 
matter may be materially altered by the conditions to which it 
is subjected. It is therefore deemed desirable to include data 
showing the degree to which the absorptive properties of milk 
powder may be affected by certain treatments. A sample of 
skim milk powder made by the Just process, and for which the 
absorption data has already been recorded, was divided into two 
parts and treated as follows: One part was dried in vacuo at 
100°C. for one hour and then subdivided and held at various 
humidities as heretofore described. The second part was placed 
in a saturated atmosphere until it had absorbed 10.53 per cent 
moisture. It was then immediately placed over phosphorus 
pentoxide and dried at 50°C. When completely dried it was 
subdivided and placed at the different humidities already indi- 
cated. The hydration and dehydration results are shown in 
table 4 and chart 4. In comparing these records with those 
obtained from the normal skimmed milk powder of the same com- 
position it is to be noted that the same general type of curves 
were obtained. In both instances, however, lower equilibrium 
levels were found. Furthermore, the results obtained from the 
saturated sample subsequently dried at a low temperature were 
lower than those obtained from the sample heated to a high 
temperature but which had not previously contained a high 
moisture content. 

These results from the artificially treated milk powder are 
probably of little value for practical interpretation but neverthe- 
less they serve to illustrate the effect of heat treatment and pre- 
vious moisture absorption on the subsequent ability of such 
products to retain moisture at different vapor pressures. It 
would be of interest to study the effects of analogous relationships 
as they apply to milk powders subjected to different heat treat- 
ments during the process of manufacture. 

While it has been impossible to include data showing the ab- 
sorption of moisture at humidities above 80 per cent due to 
difficulties from mold formation, records were obtained for a 
limited period wherein the absorptive capacity of skimmed milk 
powder in a saturated atmosphere is shown in a striking manner. 
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The particular sample in question absorbed 6.25 per cent of its 
dry weight during the first half hour of exposure. At the end 
of four hours the moisture content was 15.49 per cent; after 
twenty-five hours it was 27.25 per cent; and after one hundred 
hours a moisture content of 51.11 per cent was recorded. 

It is not to be inferred that the data recorded in this paper can 
be apphed directly to any particular lot of milk powder held at 
the given humidities. These results represent maximum ab- 
sorptive capacity. As a rule lower moisture contents of com- 
mercial samples will be found, because of the variable degrees of 
protection which the container affords and because of slow diffu- 
sion through the mass. It is not uncommon, however, to find a 
moisture content 4 to 5 per cent higher in the outside areas of a 
barrel of milk powder than is found at the center. 

SUMMARY 

1. Data are given showing the moisture content of various milk 
powders at equihbrium in vapor pressures corresponding to 
humidities from 10 to 80 per cent at 25°C. 

2. It is shown that the absorption of moisture by milk powder 
irrespective of the method of manufacture, apparently proceeds 
according to certain fundamental laws governing absorption by 
collodial matter. 

3. The data show that at humidities above 50 per cent the 
initial moisture absorption is very rapid, and at humidities 
between 50 and 70 per cent this initial absorption is not retained 
by the powder. When the maximum is reached a dehydration 
process begins and extends over a period of months before equi- 
librium is established at a lower level. 

4. The dehydration results obtained after milk powder had 
been subjected to a relatively high moisture content for a period 
of three weeks, show a different moisture retention at the various 
humidities than was shown during hydration. 

5. The absorptive properties of milk powder w’ere found to be 
altered by excessive heating and previous saturation. 

6. Milk powders with variable fat content are shown to possess 
different capacities for moisture absorption and retention. The 
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absorptive ability decreases with increased fat content and cor- 
respondingly lower protein content. 
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SWEETENED CONDENSED MILK 


III. IN A TOTAL SOLIDS RESIDUE WHAT IS THE FORM OF 

LACTOSE?* 

FRANK E. RICE 

North Carolina State College, Raleigh, North Carolina'- 

AND 

JACK MISCALL 

Cornell University, Ithaca, New York 

WEere reference is made to lactose in. the literature there is 
much confusion as to which is meant — the hydrate or anhydrous 
form. This sugar under ordinary conditions crystallizes as 
CiaHasOii-HaO and this is the form in which it appears on the 
market and in the laboratory generally. In many cases, how- 
ever, calculations are based on a molecular weight corresponding 
to Ci 2 H 220 n, though perhaps generally the molecule of water is 
taken into consideration. For instance, the figure 52.5 is given 
inmost texts as the specific rotation of lactose; this is calculated 
on the basis of the hydrate. In quantitative data there is, of 
course, a difference of 5 per cent depending on which form is used. 

Lactose is sometimes determined in condensed milk by sub- 
tracting the sum of the other solids from the total dry matter; 
in this case it is important to know whether the hydrous or 
anhydrous form is present in the dry matter. But this work was 
carried out particularly because it was necessary that this point 
be cleared up before some of the calculations could be made that 
are involved in the next article of this series. 

It is known that lactose hydrate is very stable, the molecule 
of water being driven off only at about 130°C. On the other 
hand, data has been presented which shows that the evaporation 
of an aqueous solution of lactose above 93°C. yields the anhydrous 

* Received for publication July 20, 1925. 

^ Work here recorded was done when the senior author was on the staff at 
Cornell University. 
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form (1). In the determination of total solids in condensed 
milk, usually a water solution is evaporated on a water or steam 
bath, or hot plate. It would be expected, therefore, that the 
conditions would be right for the production of the anhydrous 
form. 

Two experiments were carried out: In one an aqueous solution 
of pure lactose was evaporated and the residue dried under con- 
ditions similar to those observed in the total solids determination. 
In the other, a known amount of lactose was added to a condensed 
milk solution and the determination carried out in the same way; 
this result compared with the solids residue obtained from the 
condensed milk alone gave data from which could be determined 
the condition of the lactose in the residue. 

The lactose used in these experiments was of highest purity 
containing 0.2 per cent hygroscopic moisture. It showed the 
theoretical specific rotation. 

The procedure of the A. O. A. C. for the determination of dry 
matter in sweetened condensed milk was followed in all cases, 
employing ignited sea sand for drying residues. 

EXPEEIMENT 1 

Two lactose solutions were prepared containing (a) 5 grams and 
(6) 10 grams in 100 cc. Ten cubic centimeter portions of these 
solutions were carried through the total solids determination in 
quadruplicate. The following weights of residue were obtained: 

Solution 1. 0.4721, 0.4722, 0.4728, 0.4721 gram. 

Solution 2, 0.9449, 0.9452, 0.9459, 0.9469 gram. 

Since the lactose used contained 99.8 per cent C 12 H 22 O 11 , there 
should have been in the first set of residues 0.4740 and in the 
second 0.9481 gram if the anhydrous form were present. These 
figmes are very close to those obtained experimentally. The 
experimental results being somewhat lower than the theoretical 
is perhaps to be accounted for by a slight decomposition of the 
lactose while diying. 
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EXPERIMENT 2 

Solutions containing 20 grams fresh condensed milk in 100 cc. 
were prepared (M). Two solutions of lactose containing 5 
grams (A) and 10 grams (B) in 100 cc. were used as a convenient 
means of adding the lactose. The results obtained are given in 
table 1. 


TABLE 1 



1 WEIGHT OP BESIDTJE 


(1) 

(2) 

10 p.p. IVf -|- 10 f»in A , . .... 

grams \ 

1.9336 

1.4543 

grams 

1.9398 

1.4633 

10 CC. M 

Difference 

0.4T93 

0.4765 

10 cc. M “h 10 cc. B 

2.4136 

2.4189 

10 cc, M 

1.4543 

1.4633 

Difference j 

0.9593 

0.9556 


Since the actual added lactose (CiaHsaOn) in the first series 
was 0.4740 gram and in the second 0.9481 gram, it is clear that in 
the process of evaporating and drjdng, nearly all the sugar ap- 
peared in the residue in the anhydrous form. Where the smaller 
addition was made (solution A) the anhydrous state was more 
nearly reached than with the larger addition. It may be con- 
cluded, therefore, that in condensed milk where the content of 
lactose is still less, this sugar appears in the total solids residue 
in the anhydrous form. 

REFERENCE 

(1) Hudson: Jour. Amer. Cliem. Soc., 1908, xxx, 1767. 

Whittier: Chem. Reviews, 1925, ii, 85. 



THE INFLUENCE OF THE PERIOD OF HEAT ON 
MILK PRODUCTION 

ANDREW C. McCANDLISH 

Dairy Husbandry Section, Iowa State College of Agriculture and Mechanic Arts^ 

Ames, Iowa 

It is generally believed that oestrum, or the period of heat has 
a depressing influence on the production of dairy cows. However, 
there is little direct evidence by which the validity of this can 
be tested. 

nilStTMii OF PEEVIOUS WOBK 

It was reported by Hooper (1) that in 54 records obtained from 
cows kept for three years that the oestral period caused a con- 
siderable variation in production with some cows while with 
others it seemed to have but little effect. Later Hooper and 
Brown (2, 3) found from the records of 29 cows that there was an 
average decrease of 0.1 pound in fat and 1.5 pounds in milk pro- 
duction on the day of most evident heat. Some cows showed an 
increase in production however while others showed no variation. 

DATA PRESENTED 

The data summarized and presented in table 1 were collected 
during the years 1907 to 1921 inclusive from the herd at this 
station. Not all heat periods are included, as it was felt best 
to collect the records from the dates of breeding only. Con- 
sequently the day on which a cow was bred was looked on as the 
day of most evident heat and the average milk production on the 
days of most evident heat was obtained and compared with the 
average production on each of the three days preceding and 
following it. In all a summary of 868 cases is given. 

It will be noticed that on each of the three days preceding and 
following the days of breeding the average milk production is 
higher than on the day of breeding; the highest average produc- 
tion being Wo days before breeding while the others ran at an 
apparently normal rate with the exception that on the day foUow- 
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ing the date of breeding the production was also somewhat lower 
than on the other days included. 


TABLE 1 

Influence of oestrum on production 


GKOUP 

Q 

m 

« 

^ 1 

DATS BBPORE AND AFTER BREEDING WITH 
AVERAGE PRODUCTION 


Pi 

it 

a? 

3 

2 

1 

0 

I 

2 

3 

Hoisteins 

28 

215 

'pounds 

30.9 

pounds 

31.2 

pounds 

30.8 

pounds 

30.1 

pounds 

29.8 

pounds 

30.6 

pounds 

30.7 

Jerseys 

32 

198 

18.0 

18.2 

18.2 

17.7 

17.8 

18.2 

18.1 

Guernseys 

28 

155 

20.3 

20.6 

20.3 

19.9 

20.3 

20.5 

20.0 

AyrsMres i 

14 

72 

25.2 

25.6 

25.2 

24.8 

24.6 

25.0 

25.2 

Scrubs 

8 

49 ' 

14.9 

15.4 

15.2 

14.7 

14.7 

14.9 1 

15.0 

First Grades 

16 

80 

17.0 

16.6 

17.0 

16.3 

16.5 

16.7 

16.9 

Second Grades 

19 

99 

16.8 

16.5 

16.7 

15.8 

15.9 

16.4 

16.7 

Total 

145 

868 

21.8 

22.0 

21. S 

21.2 

21.3 

21.7 

21.8 


TABLE 2 

Variations in the influence of oestrum on production in the case of Holstein cow 44 


DATS BEFORE AND 

MILK PRODUCTION IN PERIODS 

AFTER BREEDING 

I 

II 

III 


pounds 

pounds 

pounds 

3 

38.5 

35.6 

38,7 

2 

37.9 

34.5 

40.2 

1 

39.0 

38.1 

42.1 

0 

37.6 

40.4 

41.5 

1 

43.5 

42.1 

40.1 

2 

42.3 

42.2 

43.6 

3 

44.3 

39.5 

43.6 

Average for 6 
days before and' 




after breeding. . 

40.9 

38.7 

41.5 

Percentage in- 
come over day 




of breeding .... 

~8 

4 

0 


This increase in production on the second day before breeding 
as compared with that on the day of breeding is only 4 per cent 
for the total group considered. This is not a large variation but 
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when it is considered as being from a large number of animals, 
and that a similar increase occurs in each group of the animals 
then it is perhaps safe to deduce that there is some reason for the 
production being high two days before breeding and low on the 
day of breeding and that following it as compared with the pro- 
duction on other days near that time. 

One possible explanation is that as the period of heat starts 
some galactogogic hormone is produced in greater quantities, 
either as a purely incidental process, or in an effort to stimulate 
production at this time so as to compensate for the lowered 
production two days later. 

Though it appears that there are fairly uniform changes in 
production around the period of heat in the case of large groups 
of cows, yet individual cows vary considerably and an individual 
cow may show wide variations in her behavior from one heat 
period to another. 

This is well illustrated in the case of the Holstein cow 44 in 
the College Herd at three breeding dates. 

In this case it will be found that the cow 44 showed aU the 
variations possible in production at different times of breeding. 
This indicates variations in production at the time of heat which 
can not be accounted for. 

SUMMARY 

From the data presented here it would appear that; 

1. There is a decrease in milk production on the day of breed- 
ing and the day following. 

2. An apparently compensating increase takes place two days 
before breeding. 

3. Individual cows show very wide differences in their produc- 
tion at this time. 

4. Wide variations in behavior may be expected between 
different heat periods with the same individual. 
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FACTORS INFLUENCING THE VISCOSITY OF CREAM 
AND ICE CREAM* 

F. F. SHERWOOD and H. L. SMALLFIELD 

Dairy Departmentj Iowa State College j Ames^ Iowa 

It is a well known fact that pastenrization, aging, homogeniza- 
tion and the amount of binder used all have an influence upon the 
viscosity of the product. Pasteurization brings about a decrease 
in the viscosity of the cream or ice cream mix to such an extent 
that if the product were to be made into ice cream at once diffi- 
culty would be experienced in obtaining the desired overrun and 
the texture would be poor. This difficulty may be overcome by 
aging the cream or mix for twenty-four hours or longer. 

Trade preparations, known as “improvers” are frequently used 
to hasten the ripening and bring about the desired viscosity in a 
few hoxirs if necessary. The increase in viscosity brought about 
by the use of an “improver” is probably due, in some cases at 
least, to coagulation. However, when no “improver” is used the 
increase in viscosity is probably not due to coagulation, but is 
probably due to physico-chemical changes. If the whole mix is 
pasteurized and homogenized the increase in viscosity is due, 
in part at least, to the presence of the gelatine. However, 
the increase in viscosity brought about in pasteurized and 
homogenized cream is quite pronounced. Just what factors are 
responsible for this are not definitely known although several 
theories (1) have been advanced to explain this phenomenon. 

According to one theory it is due to the knitting together of the 
colloidal particles in the cream thus restoring the viscosity. A 
second theory is that this increase in viscosity is due to the 
hydration of the proteins while held at the low ripening tempera- 
ture. A third theory is that it is due to enzjrmatic action, while 
a fourth theory is to the effect that the increase in viscosity is due 
to a greater clumping together of the fat globules during aging. 

*Received for publicatioa September 10, 1925. 
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The viscosity of cream generally increases with age. The rate 
of increase in viscosity of an homogenized cream is much greater 
than that of a cream pasteurized but unhomogenized held under 
the same conditions. The increase of viscosity in cream imme- 
diately after homogenization over the same cream before homo- 
genization is due to the taking up or fixing of more of the milk 
serum. This is brought about by the breaking up of the fat 
globules resulting in an increase in the total surface area of the 
fat globules. 

The microscopical appearance of the fat globules differ exceed- 
ingly from that of a pasteurized sample. The latter when 
examined under the microscope shows the globules spread out 
evenly over the field and separated from each other, although 
in some cases globules will be seen touching each other. The fat 
globules in the homogenized cream present an entirely different 
appearance. The globules are about one-tenth the original size 
and are elmnped together in clusters, varjdng in size from very 
small clumps of three or four globules to large clumps of several 
hundred. This clumping of the fat globules suggested the idea 
that aging of the cream causes the fat globules to come together 
in larger clumps. If this is the case it is probable that the 
increase of viscosity is due to the enclosure of serum in these 
clumps. Bancroft (1) states that “of particles agglomerate 
loosely into spherical masses, the viscosity will increase because 
the water in the voids inside the spherical agglomerates no longer 
counts as free water.” 

The work herein reported represents an attempt to determine 
whether or not the clumps of globules did increase in size during 
a period of storage and if a high viscosity could be attributed to a 
greater grouping together of the fat globules. 

THE INFLUENCE OF PASTEURIZATION, HOMOGENIZATION AND AGING 
UPON THE VISCOSITY OF CREAM 

Methods 

The cream used was sweet cream of less than 0.20 per cent 
acidity and standardized to 18 per cent butter fat with whole 
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milk. Pint samples of the cream were taken after pasteurization 
and immediately after homogenization. The viscosity of each 
sample was determined and a microscopical examination made of 
the fat globules. These samples were then placed in storage and 
examined at intervals of twenty-four hours. 

It was found necessary to dilute the cream in order to examine 
it under the microscope. The following method, which could be 
closely adhered to from day to day, was adopted. Nessler 
tubes, graduated to hold 50 cc. were filled to the 50 cc. mark with 
distilled water. Two drops of each sample of cream were added 
to separate tubes from a 1 cc. pipette, the same pipette being used 
from day to day. The tubes were then corked tightly and in- 
verted slowly and the mixture allowed to run to the opposite end 
of the cylinder. The cylinder was then brought back slowly to 
its upright position three times thus mbdng the cream thoroughly 
through the water. A drop of this mixture was then placed on a 
slide for observation. 

In one instance in the first part of this experiment the viscosities 
were secured with the Scott viscosimeter. The cream to be 
tested was brought to a temperature of 17°C. and 200 cc. trans- 
ferred to the viscosimeter. The length of time required for 50 
cc. of the cream to run through the aperture was determined by 
means of a stop watch. The specific viscosity was calculated by 
dividing the time mscosity by the time required for 50 cc. of 
distilled water at the same temperature to run through the 
viscosimeter. 

The remaining viscosities were obtained with the Doolittle 
Torsion Viscosimeter. Two determinations were always made; 
one by rotating the wire to the right; the other to the left, and the 
average of the two readings taken. 

A description of the field observed under the microscope was 
decided upon as the best method of keeping a record of the appear- 
ance of the clumps of fat globules. 

Results secured 

The data secui’ed on the viscosity of the pasteurized cream and 
homogenized cream and the appearance of the fat globules under 
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the microscope are presented in table 1. A study of the data 
in these tables reveals the fact that the viscosity of pasteurized 
cream shows very little increase during aging. In five of the six 
trials the pasteurized cream had a slightly higher viscosity at the 
holding period than when fresh although there was not a steady 
increase from the time the first reading was taken. The tendency 
seemed to be for the viscosity to remain the same or drop some- 
what during the first twenty-four hours and then to increase 
slightly as the aging progressed. The appearance of the fat 
globules in the pasteurized sample was practically constant in 
all the trials in that the globules were separate and did not change 
upon aging. In experiment 2 the pasteurized cream when forty- 
eight hours old had a clump of three or four globules here and 
there on the microscopic field under observation. The fact that 
no clumping of the fat globules was observed in the pasteurized 
sample does not prove that it did not occur. The probability is 
that if clumps are formed the globules do not cling together as 
tenaciously as in homogenized cream and the mixing of the cream 
and water would break up these clumps if any were present. 

The results obtained for the homogenized cream proved rather 
contradictory in that the viscosity did not always increase during 
aging. The data obtained in experiments 1 and 2 show that 
there was a steady rise in the viscosity at the end of each twenty- 
four hours. The data obtained in experiment 3 show a decrease 
in viscosity at the end of twenty-four hours but an extremely high 
viscosity after forty-eight hours. The data secured in experi- 
ments 4 and 6 show a slow decline in viscosity from the fresh 
sample up to and including the seventy-two hour old sample. 
Experiment 5 shows a falling off in viscosity up to the end of the 
forty-eight-hour period and then an increase so that the reading 
taken at seventy-two hours was higher by 1.75° than when fresh. 
In general there was a direct relationship between the appearance 
of the fat globules and the viscosity. That is, where the viscosities 
increased, the clumps of fat globules were larger, and where the 
viscosity decreased, the size of the clumps remained the same 
as when the sample was fresh. 
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grees retarda- 
tion 

ge....... ... Fresh. Fresh 24 hours 24 hours 48 hours 48 hours 72 hours 72 hours 

ppearance of Globules sepa- Clumps very No change Same as fresh No change No change No change No change 

fat globules rate small 
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THE EFFECT OP AGITATION UPON VISCOSITY 

Since the results obtained above indicate that with an increase 
in viscosity there is a greater clumping together of the fat globules 
to ■which can be attributed the higher "viscosity, for the reason 
that as the clusters grow larger more serum is enclosed by them 
resulting in an increase in ■viscosity, it was decided to carry the 
work farther and attack the problem from another angle. During 
the freezing process the mix is subjected to violent agitation, 
which would naturally be expected to break up the clusters of fat 
globules. If the supposition that the clumping together of the 
fat globules increased the viscosity is correct then the reverse 
should also be true; namely, if the fat clumps are broken up the 
viscosity should decrease. 

Methods 

Samples were taken of homogenized cream after aging and of 
the mix before running it into the freezer. The freezer used in 
this work was a 40-quart brine freezer and the brine was made 
with ice and salt. A Manton-Gaulin homogenizer with a capacity 
of 60 gallons per hour was used for homogenizing. 

The formula adopted for the ice cream was as follows : 

42 pounds 18 per cent cream 
8 pounds sugar 
4 ounces gelatin 
4 ounces vanilla 

During the freezing process samples were drawn from the 
freezer at the end of two, four, six, eight, and ten minutes. 
These consecutive samples were examined under the microscope 
and their viscosities determined "with a Doolittle Torsion Vis- 
cosimeter, after carefully warming to 17°C. to allow the 
enclosed air to escape. 

In the microscopic examination seven Nessler tubes were used 
and the dilutions prepared as previously explained. A glass slide, 
large enough so that a drop of all seven dilutions could be 
arranged in sequence upon it, was used. This allowed of a rapid 
change under the lens from one drop to another and a more 
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accurate coraparison of the clumps in the different samples wavS 
possible. 

Results obtained 

The data secured on this part of the problem are presented in 
table 2. The viscosity droped consistently in each sample taken 
viith the exception of the eight-minute sample in experiment 2, 
where the viscosity of the eight-minute sample was 0.25 degree 
higher than that of the six-minute sample. However, since the 
difference is so small and in all other cases there was a consistent 
fall in viscosity we are justified in concluding that there is in 
general a lowering of the viscosity brought about by agitation. 
The greatest drop was from the cream to the mix, the stirring 
necessary to mix the sugar, gelatine, and vanilla evidently being 
disasterous to the viscosity. That such is the case should be borne 
in mind when preparing the mix and unnecessary stirring of the 
cream avoided. If the whole mix is pasteurized and homogenized 
this factor is not so important. 

SXIMMARY 

An effort was made to discover whether or not the increase in 
viscosity of cream during aging could be attributed to an increase 
in the size of the clumps of fat globules. Samples of pasteurized 
and homogenized cream were collected and the viscosity taken 
every twenty-four hours, and at the same time a microscopic 
examination of the fat globules was made. In three of the 
trials the viscosity increased during aging, in two it decreased and 
in the remaining one it was lower at the end of twenty-four hours 
and forty-eight hours but was slightly higher after seventy-two 
hours than when fresh. The appearance of the clumps of fat 
globules seemed to bear a fairly definite relation to the viscosities, 
in that in those experiments where the viscosity increased, the 
size of the clusters apparently increased also, while in the trials 
where no increase was encountered the clmnps showed no indica- 
tion of becoming larger during the holding period. 

The influence of agitation on the viscosity and the size of the 
clumps of fat globules was studied by collecting samples of the 
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aged cream, the same cream after the sugar, gelatine, and vanilla 
had been stirred in and of the mix after two, four, six, eight, and 
ten minutes agitation in the freezer. These samples were then 
examined under the microscope and viscosity determinations 
made. From the results obtained it is evident that agitation 
causes a marked reduction in the viscosity and that there is a 
corresponding reduction in the size of the cluster of fat globules. 

CONCLUSIONS 

1. Cream in some cases showed an increase in viscosity upon 
aging and in other instances did not. The clumps of fat globules 
were larger in those cases where there was a rise in viscosity. 

2. Agitation caused a decided reduction in viscosity of cream, 
with an accompanying reduction in the size of the clumps of fat 
globules. 

3. The results of this investigation indicated that the increase 
in viscosity, noted in cream during aging, is attributable to a 
greater grouping together of the fat globules with its attending 
fixation of a part of the free serum. 
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A STUDY OF CALCIUM AND PHOSPHORUS BALANCES 
WITH DAIRY CATTLE* 

R. C. MILLER 

Department of Animal Husbandry, Cornell University, Ithaca, New YorV 

The results of many years of study by numerous investigators 
and many practical aspects of the problem have developed an 
increasing interest in the utilization of calcium and phosphorus 
by dairy cattle. 

The limited ability of the dairy cow to utilize the mineral con- 
stituents of various rations was demonstrated in series of experi- 
ments by Forbes (1). Normal dry winter rations were fed and 
variously included, timothy, clover or alfalfa hay and in some 
cases com silage. Negative calcium balances were obtained in 
all cases where the daily milk production exceeded 10 pounds, the 
losses being less with clover hay and alfalfa than with timothy 
hay. In most cases the phosphorus balances were negative. 

Hart and associates (2) reported an appreciable retention of 
calcium when alfalfa hay that had been cured under caps was fed 
to liberally milking cows. A more liberal storage resulted from 
the use of fresh green alfalfa. Positive phosphorus balances ac- 
companied the storage of calcium. It was thought that the 
quality of the roughage determined the degree of calcium assimi- 
lation, by the term quality bemg meant the relative degree of 
destruction in the curing process of the unknown factors affect- 
ing calcium assimilation. 

Steenbock and associates (3) reported from results obtained 
with rats that alfalfa cured in the dark was very rich in vitamin 
A, even 0.5 per cent supporting normal growth when the anti- 

* Received for publication September 30, 1925. 

^ Also presented to tbe Faculty of the Graduate School of Cornell University, 
September, 1925, in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. 

Note: The author wishes to express his appreciation to Dr. L. A. Maynard 
and W. E. Krauss for many valuable suggestions and assistance given in conduct- 
ing the experimental work. 
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rachitic factor was supplied in the form of light, otherwise 4 
per cent being required. When cured in the sun, exposed to dew 
and rain, \itamin A was destroyed but an antirachitic activation 
of certain substances in the alfalfa was suggested. 

In later work Hart and associates (4) reported that negative 
calcium and phosphorus balances were obtained with liberally 
milking cows on ahalfa hay that had been cured in the windrows 
for four days. Greater losses were obtained on timothy hay. 
In further work (5) it was found that on rations including fresh 
green plant tissue, such as June grass and white clover, negative 
calcium balances were obtained. Inquiry into the previous 
nutritional history of the cows accounted for the negative bal- 
ances and a repetition of this experiment taking into account 
this factor, showed that liberally milking cows were not main- 
tained in calcium equilibrium on the character of green grasses 
fed unless a supplement of bone meal was added. In this experi- 
ment appreciable positive phosphorus balances accompanied 
losses of calcium. 

Hart and associates (6) have more recently reported that upon 
daily exposure for twenty minutes to the emanations from a 
mercury quartz vapor lamp negative calcium balances were 
changed to positive balances in two mature lactating goats and 
one mature dry goat which had been brought into negative cal- 
cium balance or equilibrium on a ration deficient in the anti- 
rachitic factor. 

Meigs and associates (7) concluded from their own results and 
a survey of previous balance experiments that the results of such 
experiments are such as to indicate that the experimental con- 
ditions usually interfered with the calcium assimilation. Evi- 
dence from balance experiments was also presented to show that 
the assimilation of phosphorus and probably calcium was favored 
by the addition of disodium phosphate to the grain ration and 
feeding the grain and hay of the ration on alternate days. 
Marked increases in the milk yield in the Beltsville herd were 
noted when this procedure was practiced (8). 

Miller and associates (9) have reported an experiment in which 
the addition of bone meal to a ration including red clover hay, 
permitted a storage of calcium and phosphorus. 
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A further report by Miller and associates (10) dealt with results 
obtained after the same animals had been maintained under 
successful lactation for ten months and were still farrow and 
producing about 20 pounds of milk daily. A storage of calcium 
and phosphorus resulted on the basal ration which included 
clover hay, corn silage and grain. Supplements of bone meal and 
kale separately increased the storage of calcium while with bone 
meal, phosphorus storage was increased and with kale phos- 
phorus storage was decreased. 

Monroe (11) has presented data showing that cows on high 
protein rations stored calcium while those on lower protein 
rations lost this element. Combinations of clover and timothy 
hays were fed, the proportion of clover to timothy being higher 
in the high protein rations. Beet pulp, carrying a liberal supply 
of calcium was a constituent of the rations. Some of the results 
indicated that the narrow rations used would permit a greater 
phosphorus retention than the wide rations. 

In further work Monroe and Perkins (12) have shown that 
on the same rations cows which had previously had pasture were 
better able to assimilate calcium than cows which had been con- 
tinually on dry feed while the reverse was true in the case of 
phosphorus. The effect of feeding distilled water as compared 
to that ordinarily offered the herd was determined, there being 
apparently slight difference in the results. 

For the past two years a study of nitrogen balances with dairy 
cattle has been in progress at this station^ and in conjunction with 
this work it was thought worth while to determine the balances 
of calcium and phosphorus in as much as the roughages and 
rations used permitted interesting studies of different phases of 
the problems concerned in the assimilation of calcium and phos- 
phorus. The results of this study are recorded in this paper. 

EXPERIMENTAL 

The trials 

The experiments reported m this paper consist of four trials 
in which the balances of intake against outgo of calcium and 

2 The res aits of these studies will be published in the near future by L. A, 
Maynardj W. E. Krauss and the author. 
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phosphorus were determined. Trials 1 and 2 were conducted in 
December, 1923, and January, 1924, and trials 3 and 4 in No- 
vember and December, 1924. In trials 1 and 4 clover hay was 
the roughage fed and in trials 2 and 3 timothy hay was used. In 
1923 the clover hay trial preceded and in 1924 followed the tim- 
othy hay trial. 

Each trial consisted of three periods: A transition period in 
which the cows were accustomed to the experimental quarters 
and fed the roughage characteristic of the trial, but only an ap- 
proximate grain mixture. There followed a preliminary period 
in which they received accurately weighed out amounts of the 
feeds and then a collection period when the excreta was collected 
by attendants. The transition periods were seven to ten days 
long, the preliminary periods four days to a week long, and the 
collection periods in trials 1 and 2, twelve days long, and in trials 
3 and 4, fourteen days long. 

A point of interest that may affect the results obtained is that 
the cows were exposed to direct sunlight periodically throughout 
the experiment. The actual preliminary feeding and collection 
of excreta was conducted in a north room of a basement bam 
where there was no exposure to sunlight, but during the transition 
and prehminary periods the cows were turned out in a courtyard 
for approximately two hours daily when the weather permitted, 
and during the collection period they were exercised at least 
every other day in this courtyard or in the vicinity of the barn. 
These exercise periods were from twenty to thirty minutes long, 
the cows being accompanied by attendants equipped for collection 
of any voided excreta. Whether or not this procedure materially 
affected the calcium assimilation is a question, but it is thought 
well to point out that the cows were exposed to some direct sun- 
light and that some calcium assimilation may have resulted from 
it. When weather conditions permitted the cows were removed 
from the stable every other day for the purpose of weighing them. 

The cows 

The animals used were mature pure bred Holstein cows. The 
stages of the lactation and gestation periods covered are given in 
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table 1. Animals 1 and 4 were the same. All of the cows were 
good feeders with the exception of no. 2 in trial 2, when for two 
days she refused a considerable amount of feed. 

Previous to starting the experiment in 1923 the cows were in 
good condition, having been on a good grain ration containing 
1 per cent each of bone meal and calcium carbonate and having 
received an excellent quality of mixed hay but rather poor com 
silage that contained but few ears. 


TABLE 1 

Stages of lactation and gestation 'periods covered and average daily milk yields 


TRIAL 

NUMBER 

COW 

NUMBER 

DISTINGUISH- 
ING FEATURE 
OF RATION 

PERIOD OP 
LACTATION 

PERIOD OP 
GESTATION 

AVERAGE 
DAILY MILK 
YIELD 

i AVERAGE 
t WEIGHT OP 
COWS 




day 

day 

TpouniB 

pounds 

( 

1 


101-112 

3-14 

48.66 

1,359 

1 

2 

Clover 

238-249 

Not bred 

39.45 

1,187 

1 

3 

Hay 

88- 99 

4-15 

54.92 

1,451 

f 

1 


132-143 

34-45 

46.44 

1,372 

2 

2 

Timothy 

269-280 

13-24 

35.51 

1,167 

1 

3 

Hay 

119-130 

35-46 

53.66 

1,447 

f 

4 


74- 87 

Not bred 

51.31 

1,369 

3 

5 

Timothy 

63- 76 

Not bred 

48.05 

1,281 

1 

6 

Hay 

188-201 

Not bred 

37.65 

1,301 

f 

4 


99-112 

6-19 

49.00 

1,349 

4 

5 

Clover 

88-101 

6-19 

46.25 

1,247 

1 

6 

Hay 

213-226 

1-14 

34.91 

1,279 


In 1924 before being placed on the experiment the cows had 
been receiving a good grain ration in excess of their requirements. 
They had been getting 8 poimds daily of a mixture of clover and 
timothy hays and 60 pounds of poor quality corn silage. They 
had been receiving no minerals. 

There is no reason to believe that in either year any of the 
animals were in a bad state of mineral or vitamin depletion, 
having not been long off pasture and having since received fair 
quahty rations previous to starting the experiments. It can 
be said that the previous nutritional history of the cows was 
probably better than that of cows subjected to average practical 
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conditions, although they had not been receiving the best quality 
of hay. 

THE FEEDS AND RATIONS 

The feeds used in the experiments were such as are commonly 
used in winter feeding. The ingredient composition of the 
various grain mixtures is given in table 2. The calcium and 
phosphorus contents of the feeds is given in table 3. The clover 

TABLE 2 

Ingredients of grain mixtures^ average daily rations consumed and average daily milk 

produced 
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grama 

grama 
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1 

59.67 

20.17 

13.44: 

6.72 

8,3581 


5,444 

18,144 

35 

22,073 


1 

2 

45.19 

27.41 

18.27! 

9.13 

6,276 


5,226 

18,144 

35 

17,895 


1 

3 

54.65 

22.67 

15.12 

7.56 

10,134 


5,226 

17,517 

35 

24,910; 



1 

35.29 

32.36 

21.57 

10.78 

8,970 

5,444 


18,144 

45 

21,067 


2] 

^ i 

25.19 

37.40 

24.94 

12.47 

6,794 

4,536 


12,096 

45 : 

16,107 


1 

3 

26.79 

36.61 

24.40 

12.20 

10,722 

5,444 


18,050 

45 

24,341 


f 

4 

33.42 

33.29 

22.19 

11.10 

8,934 

5,460 


18,144 

60, 

23,274 

48,318 

3 

5 

35,22 

32.39 

1 21.59 

10.80 

! 7,146 

: 5,460 


18,144 

60 

21,796 

40,170 

i 

6 

40.79 

29.61 

1 19.73 

1 9.87 

1 7,244 

; 4,527 


17,085 

60 

17,079: 

39,334 

f 

4 

36.89 

63,81 



8,544 


5,460 

18,144 

60 

22,228 

46,893 

4 

5 

61.20 

38.80 



7,224 


4,540 

18,144 

60 

20,977 

37,412 

1 

6 

65.47 

34.53 

! 


6,438 


4,540 

16,689 

60 

15,833 

40,442 


and timothy hays used in trials 1 and 2 were judged as Federal 
grade number 2 and those used in trials 3 and 4 as number 1. 
The clover hay particularly in trial 4 was of excellent quality. 
No particular care was taken in the curing process, however, 
none of the clover was excessively exposed to the elements in 
curing. 

In no case was the silage of excellent quality. It was for the 
most part corn silage containing sunflowers and very few com 
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ears. At the beginning of trials 2 and 4 new silos were opened 
and for several feedings the silage was not of good quality, it 
being necessary to exercise care in the feeding in order to keep the 
cows on feed. 

The composition of the grain mixture to be used was ascertained 
by determining the probable nailk yield of the cows by means of 
the transition period when they were fed a basal grain mixture 
together with silage and the roughage characteristic of the trial. 

In most cases the milk production was actually overestimated 
so that the cows received rations slightly in excess of their expected 
requirements based on their performance during the transition 
period. 

TABLE 3 

Calcium and phosphorus content of feeds as weighed and fed 



TRIAL 1 

TRIAL 2 

TRIAL 3 

TRIAL 4 

Ca 

P 

Ca 

P 

Ca 

P 

Ca 

P 


per cent 

per cent 

per cent 

per cent 

per cent 

per ce7U 

per cent 

per cent 

Silage 

0.1590 

0.0657 

0.1573 

0.0923 

0.0983 

0.0537 

0.0789 

0.0409 

Clover hay 

1.1123 

0.2208 



! 

1 


1.1275 

0.2790 

Timothy hay 



0.3778 

0.2238 

0.3131 

0.1692 



Grain, cow 1 

0.0925 

0.5087 

0.1347 

0.7285 





Grain, cow 2 

0.1073 

0.6041 

0.1513 

0.6440 





Grain, cow 3 

0.0952 

0.5751 

0.1362 

0.8615 





Grain, cow 4 





0.1206 

0.7252 

0.1054 

0,3241 

Grain, cow 5 





0.1138 

0.6600 

0.0811 

0.3528 

Grain, cow 6 





0.1.190 

0.6643 

0.0635 

0.3182 


The rations were made up to supply each cow with the upper 
limit of total digestible nutrients specified by the Morrison stand- 
ard, but in order to satisfy conditions desired for the nitrogen 
balance study the amount of protein fed was necessarily lower 
than that specified. The protein intake was calculated to be the 
maintenance requirement plus digestible protein equal to 120 
per cent of the protein in the milk produced. 

In making up the rations it was desired to feed the same amount 
of silage and hay in all cases but to vary the composition of the 
grain mixture to adjust the protein intake to the desired level. 
Therefore with clover hay a low protein grain mixture was fed 
and vice versa with timothy hay. The high protein content 
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TABLE 4 


Average daily balances of calcium and phosphorus 



cow 1 

cow 2 

COW 3 

Ca 

P 

Ca 

P 

Ca 

P 



grams 

grams 

grams 

grams 

grams 

grams 


Silage 

28.849 

1.192 

28.849 

1.192 

27.852 

1.151 


Clover liay 

60.554 

12.020 

58.129 

11.539 

58.118 

11.537 


Grain 

7.731 

42.517 

6.734 

37.913 

9.648 

58.281 


Total 

97.134 

55.729 

93.712 

50.644 

95.618 

70.989 

Trial 1 ] 

Milk 

24.854 

19.071 

20.293 

15.247 

23.067 

22.270 


Urine 

0.624 

0.211 

0.900 

0.282 

0.542 

0.226 


Feces 

69.443 

41.357 

73.354 

41.596 

74.394 

42.517 


Total 

94.921 

60.639 

94.547 

57.125 

98.003 

1 65.013 


' Balance 

+2.213 

-4.9101 

1 

-0.835 

-6.481 

-2.385 

+5.956 


Silage 

28,541 

1.675' 

19.027 

1.116 

28.393 

1.666 


Timothy hay 

20.567 

12.1841 

17.137 

10.152 

20.567 

12.184 


Grain 

13.572 

57.767 

9.152 

49.494 

14.603 

92.370 


Total 

62.680 

71.626 

45.316 

60.762 

63.563 

106.220 

Trial 2 ^ 

Milk 

25.154 

21.509 

19.908 

15.382 

26.215 

24.536 


Urine 

1.130 

0.211 

1.357 

0.419 

0.394 

0.254 


Feces 

46.202 

54.121 

37.030 

47.658 

50.569 

70.654 

i 

Total 

72.486 

75.841 

58.296 

63.459 

77.178 

95.444 


Balance 

-9.806 

-4.215 

-12.979 

-2.697 

-13.615 

+10.776 



cow 4 

COW 5 

cow 6 


Silage 

17.836 

0.974 

17.836 

0.974 

16.795 

0.917 


Timothy hay 

17.095 

9.238 

17.095 

9.238 

14.174 

7.660 


Grain 

10.774 

64.789 

8.132 

47.163 

8.620 

48.121 


Water 

4.300 


3.575 


3.501 



Total 

50.005 

75.001 

46.638 

57.375 

43.090 

56.698 

Trial 3 ^ 

Milk 

26.974 

23.786 

22.254 

22.232 

19.675 

17.660 


Urine 

0.958 

0.237 

1.818 

0.198 

1.676 

0.268 


Feces 

32.786 

57.275 

35.092 

46.933 

27.174 

47,178 


Total 

60.718 

81.298 

59.164 

69.363 

48.525 

65.096 


Balance 

-10.713 

-6.297 

-12.526 

-11.988 

. -5.435 

-8.398 

T’vi o 1 A 

f Silage 

14.316 

• 0.742 

; 14.316 

0.742 

13.168 

0.683^ 

iriai 4 

\ Clover hay 

61.562 

; 15.233 

: 51.189 

12.667 

51.189 

12.667 
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TABLE i-— Continued 




cow 4 

j cow 5 

cow 6 



Ca 

P 

Ca 

P 

Ca 

P 


Grain 

grams 

9.005 

gra7n8 

27.691 

grams 

5.859 

grams 

25.486 

grams 

4.088 

grams 

20.486 


Water 

Total 

4.174 

89.057 

43.666 

3.330 

74.694 

38.895 

3.699 

72.044 

33.836 

Trial 4 ' 

i Milk 

25.540 

19.516 

21.271! 

19.425 

17.749' 

15.453 

Urine 

1.056 

0.288 

1.142 

0.230 

2.359 

0.234 


' Feces 

67.436 

32.863 

60.872 

25,480 

58.280 

28.813 


Total 

94.032 

52,667 

83.285 

45. 135 

78.388 

44.500 


Balance 

-4.975 

-9.001 

-8.591 

-6.240 

-6.344 

-10.664 


of the clover hay used in trial 4 required that the oil meal and 
wheat bran be omitted from the grain mixture. This ration 
was therefore comparatively high in calcium and low in phos- 
phorus as can be seen from table 3. 

The grain of the ration was fed three times daily at milking 
time, the hay and silage being fed at night and morning. Very 
little feed was refused by any of the animals. Howevet, any residue 
was accounted for and after being dried out in a steam oven was 
fed back to the cow if possible. 

During trials 1 and 2 the cows received distilled water and in 
trials 3 and 4 tap water such as ordinarily fed to the herd was 
used. All water taken by the cows was weighed. 

The methods of analysis used were the official methods of the 
Association of Official Agricultural Chemists with the exception 
that after ashing and dissolving in dilute hydrochloric acid, 
calcium was determined by the McCrudden method (13) modified 
to use the potassium permanganate titration (14). 

DISCUSSION 
Calcium balances 

The balances of calcium and phosphorus are given in table 4. 
All of the calcium balances are negative except one m which a 
slight storage of this element took place with cow 1 in trial 1 on 
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clover hay. In general smaller negative balances were obtained 
when clover instead of timothy hay was fed as the roughage. 
These results are in agreement with the findings of other mvesti- 
gators. The only exception occurs in the case of cow 6 which 
lost less than one gram more calcium in trial 4 than in trial 3. In 
general probably due to advancement in the lactation period the 
losses of calcium by this animal were low. In addition she suf- 
fered some disturbance due to breeding on the morning that trial 
4 was started and had difficulty in consuming her allotment of 
silage for several days. 

As has been pointed out, the silage in trials 3 and 4 was of poor 
quality and not as good as that used the previous year. Con- 
sequently the calcium intake was considerably lower in the last 
two trials. What effect the quality of the silage would have 
from the standpoint of both its content of calcium and the anti- 
rachitic factor is questionable. From this work and also the 
results of Forbes and Hart such a consideration does not seem 
to be important although it may have a small effect on calcium 
assimilation. 

A comparison of the calcium balances obtained in trials 1 
and 4 may indicate the possibility of decreased calcium assimila- 
tion in trial 4 due to the low phosphorus content of the ration 
used in that trial. Such an adjustment of the rations was made 
necessary by the nitrogen balance studies due to the high protein 
content of the clover hay that was used. 

No difference is noted of the effect of feeding tap water in trials 

3 and 4 instead of distilled water as in the first two trials except a 
possibly higher outgo of calcium in the urine in some cases. This 
is in general in accord with a recent report by Monroe and Perkins 
(12). The calcium content of the tap water was low but the 
intake of this element was accounted for. Only a trace of phos- 
phorus could be detected in the tap water. 

The previous nutritional history of the cows each year may have 
influenced the results obtained. This factor may have been 
responsible for the relatively low losses and for one case of storage 
in trial 1 as compared to the greater losses experienced in trial 

4 on clover hay. Any residual effect of the previous feeding of 
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minerals as mentioned before would be a factor that might have 
tended to produce the results obtained. 

As to the possible influence of sunlight in these experiments 
little can be said. No record was kept of the actual number of 
hours of exposure but at the most it could not have exceeded 
thirty hours in any of the combined preliminary, transition and 
collection periods. From a survey of the sunlight records of the 
local weather bureau it can be assumed that any possible influence 
of sunlight was fairly uniform in all of the trials. Since in these 
experiments from this standpoint the treatment approached that 
used in general practice, under similar weather conditions it could 
be said that the effect of sunlight was not sufficient to counter- 
balance the deficiency in the rations of the factor affecting cal- 
cium assimilation. Further work should determine what would 
be the influence of sunlight imder summer conditions. From 
work with swine by Ma 3 uiard and co-workers (15) little differ- 
ence was noted between winter and summer sunlight conditions 
in the prevention of stiffness in swine. Just what may constitute 
an adequate amount of sunlight to induce calcium assimilation 
in dairy cattle should be determined. 

The question of the accompan 3 dng protein metabolism on 
mineral assimilation is one which has not been investigated 
thoroughly and may be considered in the interpretation of the 
results obtained in this work. Monroe (11) has noted negative 
calcium balances on wide rations and positive balances on narrow 
rations, the narrow rations containing a higher percentage of 
freshly cured clover hay. Numerous investigators have demon- 
strated the superiority for mineral assimilation of certain rough- 
ages over others which are known to contain less protein which 
is thought to be of inferior quality. With swine, certain protein 
supplements seem to be superior to others in their effect on 
mineral asssimilation. Masmard and co-workers (16) wor king 
with swine have noted the beneficial effects of fish meal on mineral 
assimilation where a constant plane of protein intake was main- 
tained. In many mineral studies the ingredient of the ration 
which is being studied carries not only an increased supply of 
minerals and perhaps the factor aiding their assimilation but also 
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Team 

Jerseys 

1. Iowa 1069“ 

Jersey trophy 

2. Ohio 1039 

3. Illinois 1015 

4. West Virginia 1013 

5. Kentucky 993 

6. Michigan 992 

7. Oklahoma 989 

8. Virginia 983 

9- S. Dakota. 976 

10. Texas 974 

Team 
All Breeds 

1. Iowa 4016 

Trophy — N. D, A. 

Trophy — Hoards Dairyman 

2. South Dakota 3927 

Wyandotte cup by J. B. Ford Company 

3. Cornell 3841 

4. Illinois 3820 

5. Ohio 3800 

6. Kansas 3754 

7. Kentucky 3726 

8. Minnesota 3710 

9. Texas 3695 

10. West Virginia 3671 

11. Ontario 3662 

12. Oklahoma 3651 

13. North Dakota 3596 

14. Missouri 3585 

15. Nebraska 3581 

16. Wisconsin 3569 

17. Tennessee 3562 

18. Massachusetts 3551 

19. Michigan 3529 

20. Purdue 3514 


NEWLY ELECTED OFFICERS OF THE AMERICAN DAIRY SCIENCE 

ASSOCIATION 

The result of the mail ballot taken in December, 1925, shows the election of 
the following officers of the American Dairy Science Association for 1926. 

President j O. E. Reed East Lansing, Michigan 

Vice-PresidenL H. F. Judkins Amherst, Massachusetts 

Editor, J. H. Frandsen Lincoln, Nebr^ka 

Secy-Treas., O. C. White Storrs, Connecticut 

Rep. to National Research Council, 

L, A. Rogers, Bureau of Dairying, Washington, D. C. 
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more protein of a better quality. It may be logical to attribute 
the beneficial effects on mineral nutrition to the minerals added 
or their aided assimilation, however, though it may be only a 
coincidence, the fact remains that increased mineral assimilation 
has been accompanied by either or both an increase in the amount 
of or an improvement in the quality of protein. 

In this work a better assimilation of calcium occurred imder 
conditions where protein of supposedly superior quality was 
used while a constant plane of intake was maintained. In the 
work of Monroe the plane of protein intake was raised by the 
substitution of protein of superior quality. It would seem that 
the quality of protein may be an important factor in the inter- 
pretation of the results of studies of mineral metabolism and as 
such it is offered in this work. A report of the nitrogen balance 
studies carried on in connection with this work will throw more 
light on the accompanying protein metabolism. 

Phosphorus balances 

The phosphorus balances are all negative except in the case of 
cow 3 in trials 1 and 2. This animal was the highest producer 
and the heaviest cow used in the experiments and as such re- 
quired more of a higher protein grain mixture in combination 
with a fixed amount of silage and hay. From the phosphorus 
balances resulting is indicated an increased assimilation of phos- 
phorus corresponding with a higher intake than that of the other 
cows. Accompanying this condition were negative calcium 
balances. Such independence of calcium and phosphorus assimi- 
lation has been noted at various times by several workers. It 
is further brought out in an examination of the remaining balances 
obtained in this work. The explanation for such a storage as 
seen in the case of cow 3 is difficult. There is perhaps little pos- 
sibility of a longstanding condition of this kind but again it may 
be, in this case, the result of a previous condition where this cow 
was not receiving phosphorus enough to cover her requirements. 
More flexibility in the mobilization of phosphorus is possible 
than m the case of calcium, due to the higher content of phos- 
phorus in the softer tissues of the body in addition to that con- 
tained in the bones. 
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In addition, in three other cases, the phosphorus balances 
although negative indicate increased utilization of phosphorus 
when its content in the grain mixture was increased. As in the 
case of cow 3 it might be possible for a cow to be in a negative 
calcium balance and phosphorus equilibrium at the same time. 
Such a possibility has been pointed out by Meigs (8). 

Hart and co-workers (2) have observed that the quahty of the 
hay not only affects the assimilation of calcium but also that of 
phosphorus. With an increased assimilation of calcium in such 
a ease we might also expect an increased assimilation of phos- 
phorus. The balances determined in this work are not generally 
in agreement with such a statement but may be similar to those 


TABin 5 

Calcium and phosphorus content of milk 


COW NUMB EE 

TEIAL 1 

TRIAL 2 

Ca 

P 

Ca 

P 


: per cent 

per cent 

2 >(?r ce-nf 

per ce nt 

1 

0.1126 

0.0S64 

0.1194 

0.1021 

2 

0.1134 

0.0852 

0.1236 

0.0955 

3 

0.0926 

1 

0.0894 

0.1077 

0.1008 


TRIAL 3 

TRIAL 4 

4 

0.1159 

0. 1022 

0.1149 

0.0878 

5 

0.1021 

0. 1020 

0.1014 ■ 

0.0926 

6 

0.1152 

0.1034 

0.1121 

0.0976 


obtained later by Hart (5) when due to a generous provision of 
wheat bran in the ration positive phosphorus balances accom- 
panied calcium losses on green grass. It is therefore of practical 
interest that the phosphorus demands of dairy cattle can be pro- 
vided for by adequate grain mixtures although it is questionable 
whether or not this is actually achieved in practice. 

The calcium and phosphorus content of the milk is given in 
table 5. An inspection of these data indicates that the concen- 
tration of these elements in milk is fairly constant. A compari- 
son of the composition of the milk from the same cow in the 
different trials shows in aU cases a slightly higher calcium content 
when the cows received timothy hay instead of clover hay. 
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Greater differences are noted in the same dheetion in all iastances 
in the case of phosphorus. To be sure, the differences observed 
are small but they are fairly uniform and if significant they bear 
out the previously mentioned contention of an increased assimila- 
tion of phosphorus in response to the increased supply of this 
element in trials 2 and 3 over that of trials 1 and 2. 

There is a popular belief that the mineral content of cows’ 
milk is altered in response to an increased mineral assimilation. 
From table 5 it can be seen that any variation that may have 
occurred in this case is very small and was probably the result 
of an increased mobilization of phosphorus rather than of calcium. 

SUMMARY 

1. The results of twelve determinations of the balances of 
intake against outgo of calcium and phosphorus with liberally 
milking daky cows are given. 

2. A better assimilation of calcium resulted when clover hay 
instead of timothy was fed as part of a ration which included corn 
silage and a grain mixture. 

3. A better assimilation of calcium occurred under conditions 
where protein of supposedly higher quality was fed through the 
medium of clover hay. 

4. Some independence between calcium and phosphorus assimi- 
lation was observed. 

5. Better assimilation of phosphorus occurred when more 
ample provision was made for this element in the grain mixture. 

6. There was but little variation in the calcium and phosphorus 
content of the milk under the conditions studied. The percent- 
age of phosphorus in the milk seemed to increase slightly in 
response to an increased supply in the feed. 
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ANNUAL MEETING OF THE AMERICAN DAIRY 
SCIENCE ASSOCIATION 

The twentieth annual meeting of the American Dairy Science 
Association was held in connection with the National Dairy 
Exposition at Indianapolis, Indiana, on October 12 and 13, 1925. 

The first general session which convened at the Hotel Severin 
at 9:00 a.m. October 12 was called to order by President O. E. 
Reed who spoke briefly of the work of the Association. The 
minutes of the 1924 meeting were read and approved. The 
report of the secretary-treasurer, J. B. Fitch, was read and 
adopted. 

Divisional meetings were reported on by: 

A. A. Borland for eastern division. 

C. A. Hutton for southern division. 

F. W. Atkeson read a report submitted by H. A. Bendixen 
for the western division. 

C. H. Eckles reported on the Union of Biological Societies. He 
outlined the plans of the Union and stated that Rockefeller 
Foundation has $350,000 to be spent in ten years for the publica- 
tion of abstracts. This would be available January 1, 1926. 

C. H. Eckles also reported as representative to the National 
Research Council. 

At the request of W. E. Skinner, the President appointed a 
committee to study the Dairy Exposition and to make suggestions 
for improvement. The following committee was appointed: 
W. A. Stocking, F. W. Atkeson, H. H. Kildee, and E. M. Harmon. 

The President also appointed the following members of the 
National Research Council Advisory Committee: 

A. A. Borland and R. S. Breed their terms expiring July 
31, 1926. 

H. A. Ruehe and W. M. Regan whose terms expire July 
31, 1927. 

O. F. Hunziker and L. A. Rogers whose terms expire July 
31, 1928. 
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The representative to the National Research Council is to 
act as chairman. 

H. P. Davis spoke briefly on the advisability of appointing a 
committee to study the courses in dairying offered at the different 
institutions with the idea of unifying and making more standard 
the courses offered. No action was taken on this suggestion. 

J. H. Frandsen spoke regarding the Journal of Dairy Science, 
outlining future plans for that publication. 

C. H. Eckles suggested that the allowance of $300 for the editor 
of the Journal of Dairy Science was inadequate and warranted 
an increase more in keeping with the experience and duties of 
that position. President Reed appointed a committee composed 
of Eckles, Larson and Stocking to study and make recom- 
mendations. 

The following nominations for 1926 were reported by A. A. 
Borland, chairman of the nominating committee: 

For President: 0. E. Reed, Michigan; J. M. Fuller, New 
Hampshire. 

Vice-President: H. F. Judkins, Massachusetts; A. C. Baer, 
Oklahoma. 

Secretary-Treasurer: G. C. White, Connecticut; H. A. 
Ruehe, Ilhnois. 

Editor: J. H. Frandsen, Nebraska; A. C. Dahlberg, New 
York. 

The final selection is to be made by mail ballot as provided in 
the constitution. 

Announcements were made concerning the meeting for the 
next day and concerning the banquet. The meeting adjourned 
at noon, to convene again October 13, after the sectional meetings. 

second session, TUESDAY OCTOBER 13, 1925, 9:00 A.M. 

After the meetings of the different sections a general session 
was called for Tuesday, October 13, 1925. J. A. Gamble reported 
on the Production Section, H. F. Judkins for the Manufacturing 
Section, L. W. Morley for the Extension Section and C. E. Wiley 
for the Advanced Registry Section. 

A. A. Borland spoke briefly on the uniform cow testing associa- 
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tion rules adopted by the Extensioa Section. It was his idea 
that they were very much the same as the proposed Ayrshire herd 
test. Ragsdale, Moiiey and Baltzer also spoke regarding the 
uniform rules. 

C. H. Eckles submitted the following report from the com- 
mittee appointed to studj^ the allowance for the Editor of the 
Journal: 

“The committee recommends to the Executive Committee that 
the sum of $300 be added to the budget for the Editor’s office 
the payment of this additional sum to be contingent upon an 
equal sum being brought into the hands of the Treasurer as a 
result of the proposed membership campaign.” 

It was the idea of the meeting that no increase could be made 
unless the membership was increased. With this in mind all 
agreed to help the Secretary in increasing the membership. 
Mortensen, Borland, Hayden and Stocking spoke regarding the 
membership of the Association. 

The following budget for 1926 was submitted as approved by 
the Executive Committee: 


Editor’s allowance $300 

Secretary’s salary 100 

Secretary’s office 100 

Three divisions 75 


$575 

The following officers were elected in the different sectional 
meetings: 

Section I Production: 

C. C. Hayden, Chairman 
O. G. Schaefer, Secretary 
Section II Manufacturing: 

A. C. Baer, Chairman 
C. D. Dahle, Secretary 
Section III Extension: 

A. J. Cramer, Chairman 
C. F. Finley, Vice-Chairman 
C. R. Gearhart, Secretary 
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Section IV Advanced Registry; 

C. B. Wylie, Chairman 
W. E. Petersen, Secretary 

C. H. Eckles reported for the committee on the revision of 
the constitution. 

The annual banquet was held at the Hotel Severin at 6:30 
Tuesday evening, October 13. H. F. Judkins acted as toast- 
master and A. J. Glover, editor of Hoard’s Dairyman was the 
principal speaker. 

Announcements were made of awards and presentation of 
prizes in Intercollegiate Judging Contests. Mr. Wm. White 
presented the awards to winners in Dairy Products and Mr. 
W. W. Swett, to winners in the Dairy Cattle Contest. 

J. B. Fitch, 
Secretary. 

PRODUCTION SECTION 

The Production Section of the American Dairy Science Asso- 
ciation was called to order by Professor J. A. Gamble, Chairman. 
Secretary J. P. LaMaster being absent, Professor A. C. Ragsdale 
acted as secretary. 

The minutes of the last meeting were read and approved. 

Professor H. E. Van Norman, representing the National Dairy 
Association gave an address dealing particularly with the Farmers 
Judging Contest and placing card. This placing card had been 
recommended to the National Dairy Association and adopted for 
use this year by a committee appointed the previous year by this 
section of the American Dairy Science Association, This com- 
mittee reported as follows; 

Your Committee on Dairy Cattle Placing Card for Farmers Judging 
Contest submits the following report: 

Several informal meetings of the Committee were held with three of 
the four members present — not alwa 3 rs the same ones. 

Taking the placing card devised by the Animal Husbandry Depart- 
ment of the Uniyersity of Wisconsin, and used at the last National 
Dairy Show, as a starting point, the accompanying placing card was 
approved by the Committee and recommended to the National Dairy 
Show for use this 3 ''ear, which recommendation has been accepted. 
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The card was printed as per copies attached herewith and samples 
mailed by the National Dairy Association to 77 dairy department 
professors in 35 states. National Dairy Association offered to supply 
any desired number at cost. Nine professors secured for trials copies 
in varying numbers from a few to several hundred, while Wisconsin 
printed ten thousand just like this. 

Inquiries as to the working out of this score card in practice were 
directed to the professors who secured additional copies for use. Seven 
replied unanimously approving the placing card arrangement as sub- 
mitted herewith. One instructor did raise the question as to whether 
the final placing should not count more than 50 per cent of the total 
score, which question the Committee does not attempt to answer, as the 
50”50 basis is used in the National Students Judging Contest and other 
similar contests. 

Referring to the key for scoring the contestants, four instructors 
reported using this key, one without modification and three modifying 
the values to fit the classes being judged. 

One department which has not used the card suggests omitting the 
key from the card, while Professor Humphrey, who has had the largest 
experience in the use of this card, would supply a complete key with all 
possible combinations shown with their values. This would require 
24 tables like the one printed on the reverse of this card. 

Your Committee recommends that the American Dairy Science 
Association receive this report, give such publicity to the placing card 
herewith submitted as circumstances may permit; further, that the 
Committee continue to collect further data concerning the use of this 
card and report at the next annual meeting such suggestions for im- 
provements or modifications as circumstances may dictate; and further 
that the Association authorize the printing of the following phrase 
on these placing cards: 

Placing Card Recommended hy the American Dairy Science Acsodaiion 

Report respectfully submitted, 

Special Committee on Farmers 
J uDGiNO Placing Carl, 

J. C. Humphrey 
H. H. Kilbeb 
W. W. SWETT 

H. E. Van Norman, Chairman. 
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The report of this special coinmittee on the Fanners Judging 
Placing Card was accepted, placed on file and the committee 
continued, 

W, W. Swett, Chairman of the Committee on the Students 
Dairy Cattle Judging Contest, gave the following report: 

The annual meeting of the committee on the Students Dairy Cattle 
Judging Contests was held at the oSice of the National Dairy Associa- 
tion, Chicago, Illinois, March 21st, 1925. The meeting was called to 
order by the Chairman. The following members of the Committee 
were present: A. A. Borland, L. H. Fairchild, H. H. Kildee, W. W. 
Swett; and also H. E. Van Norman and S. H. Anderson of the National 
Dairy Association. 

The material presented to the Committee by the chairman consisted 
of suggestions received relative to methods of improving the conduct 
of the contest work. These suggestions were read over and carefully 
considered. 

Only one outstanding change in the rules was made at this annual 
meeting. This change provides that the superintendent shall select a 
judging committee, composed of two judges, preferably college men or 
ex-college men of recognized ability on all four breeds, to act with a 
special breed judge for each breed. It was the sense and understanding 
of the committee that the special breed judge shall have the qualifica- 
tions and duties of the associate judge of 1924, that he shall have equal 
voice with the two other members of the committee in placing the 
rings of the particular breed on which he is worldng and that the com- 
mittee shall decide on one placing for each class by working together 
rather than independently. This decision was reached after a lengthy 
discussion by each of the members of the committee which revealed 
within the committee a very strong sentiment for developing the contest 
on a basis in which the college view point would predominate. 

A short time after the annual spring meeting a circular letter signed 
by the coaches of 24 different state institutions came to the Chairman 
unsolicited. This circular letter made a number of specific suggestions 
and recommendations for changes in the rules governing the contest. 
The changes made at the meeting were, in all essentials, directly in 
accord with those written requests from 24 different states. 

A number of other minor changes in the wording were necessary to 
make the rules conform to the one major change outlined. The question 
of the relative merits of oral and written reasons was discussed thor- 
oughly but no change was made in this regard. 
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Preliminary arrangements were outlined for the annual banquet of 
the American Dairj’- Science Association. The responsibility for this 
banquet was placed on Professor Borland. 

The question of some kind of a score card for simplifying the contest 
procedure was discussed, but no action was taken. 

The rules as amended were mianimously adopted as a whole. 

The meeting adjourned at 5:00 p.m. 

A. A. B 0 RL.VND, 

L. H. Fairchild, 

J. B. Fitch, 

J. M. Fuller, 

L. W. IWGHAil, 

H. H. Kildee, 

W. M. Regan, 

W. W. SwETT, Chairman. 

This report was approved and placed on file. 

Dr. Sewell Wright, of the United States Department of 
Agriculture gave a most excellent address on Inbreeding and 
Crossbreeding. 

R. R. Graves, of the United States Department of Agriculture, 
gave an address on Breeding Dairy Cattle for High Milk Produc- 
tion. This address together with that of Dr. Wright, occasioned 
some little comment and were much appreciated. 

The report of the nominating committee was unanimously ap- 
proved and C. C. Hayden, Ohio, and O. G. Schafer, Minnesota, 
were declared elected president and secretary respectively of 
Section I. 

The meeting adjourned at 4:15 p.m. 

A. C. Ragsdale, 

Acting Secretary. 


MANUFACTUKINa SECTION 

The Dairy Manufacturers’ Section of the American Dairy 
Science Association was called to order by Chairman, H. F. 
Judkins on October 12, 1925 at the Hotel Severin at Indianapolis, 
Ind. 

The minutes were read by Secretary N. E. Olson and approved. 
Professor Judkins reported for the Committee on Judging 
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Dairy Products. This report recoiixmended the inclusion of ice 
cream in. the next yearns contest. 

The report which follows was adopted as read: 

Report of Rules Committee for the Students Dairy Products Judging 
Contest at the National Dairy Show, October 12, 1925 

Enie 13 now reads, ^^Each contestant shall score and criticize ten 
tubs of butter, ten cheeses, and ten samples of milk, the time allowance 
being one hour for each product.’^ It is recommended that the follow- 
ing be added, five minute rest period shall be allowed at the end of 
each one hour judging period.^' 

The last part of Eule 16 reads, ‘The contestants shall have access 
to these samples, five minutes for each product, just previous to the 
scoring of the contest samples. To make it clearly understood that the 
contestants cannot refer to these samples while the Judging of the con- 
test samples is in progress the words, “and then only,^^ should be added. 
It is recommended that the time for examination of these samples be 
changed to ten minutes. 

It is recommended that the rules committee be left with power to 
decide whether ice cream shall be included in the contest next year 
with the understanding that they will be guided by the judgment 
of the coaches who participate in the practice judging tomorrow. If 
ice cream is included next year it is recommended that the number of 
samples of each product be changed from ten to seven and the time for 
judging each product changed from one hour to forty-five minutes. 

The first paragraph under judges, page eight, reads, “The super- 
intendent of the contest shall select a conamittee of two judges to 
judge each product and shall, as far in advance of the contest as possible, 
notify each institution as to the personnel of these committees.” 

It is recommended that the last part of the sentence relative to 
notifying the colleges as to the personnel of the judges be omitted. 

Score cards 

In arranging the defects under “bottle and cap” on the milk score 
card the bottle defects should be arranged separately from the cap 
defects. It should be made clear just what score is given to the different 
types of caps. It is recommended that if ice cream is judged next year 
that on the student^s score card the defects be stated as on the score 
cards for other products, that is, not grouped under a definite range of 
score as they are now. 
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The committee is always open to suggestions as to how to secure more 
prizes and as to what the nature of these prizes should be. 

Respectfully submitted, 

M. Moetbnsen, 

H. W. Gbegoey, 

G. D. Tuenbow, 

W. H. White, 

H. F. Judkins, 

Ruhs Committee. 

Note: No further action, was taken at the meeting in regard to including ice 
cream in next year’s contest than that stated in committee’s report. 

Dr. R. S. Breed reported for the Committee on Bacteriological 
Methods. The report was approved and the committee con- 
tinued. It was suggested that a sub-committee for bacteriologi- 
cal methods for ice cream be appointed. The suggestion was 
approved by vote and Chairman Judkins appointed, A. C. Fay, 
F. W. Fabian, and B. W. Hammer. Motion that this committee 
be instructed to act with a committee appointed by the National 
Association of Ice Cream Manufacturers, carried. Professor Jud- 
kins appointed himself a committee of one to present the matter 
to the ice cream men’s convention at Detroit. 

Dr. Harding suggested a separate score card for pasteurized 
milk. Professor Fisher moved that the suggestion be referred 
to the score card committee. Carried. 

Mr. R. C. Potts reported for the Committee on Economic 
Phases of the Dairy Industry. Report approved. 

Professor C. L. Roadhouse presented a report on “Judging Dairy 
Products in Our High Schools.” An interesting motion picture 
of the activities of the dairy depart nent, at Davis, California, 
was also exhibited. 

O. R. Overman, Urbana, 111., presented a paper on “The Rela- 
tion of SoUds in Milk to Fat and Specific Gravity of the Milk,” 
Ordered placed on file. 

R. C. Fisher, Cincinnati, Ohio, reported at length for the 
Committee on Testing Ice Cream for Fats and Sohds. The report 
was ordered placed on file and the committee continued. It was 
suggested by A. C. Dahlberg that a central committee on Chemi- 
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cal Methods of Testing Dairy Products be appointed. Moved 
by R. C. Fisher that such committee be appointed to be composed 
of the chairman of the other committees on Testing Dairy Prod- 
ucts. Motion carried and the following committee appointed, 
0. F. Hunziker, Chahman, R. C. Fisher, H. C. Troy, and A. C. 
Dahlberg. 

Dr. Otto Rahn of Kiel, Germany, next delivered an interesting 
report on the Dairy Physics Department of the Governmenc 
Dairy School in Kiel. 

A number of interesting reports of research work included the 
following; 

“Federal State Butter Inspection as a Means for Quality 
Improvement.” C. W. Fryhofer, St. Paul, Minn. 

“Cori’elation of the Scored Butter and Its Methods of Manu- 
facture on Yeasts and Molds in Butter.” E. A. Parfitt, 
Lafa3’'ette, Ind. 

“The Effect of Ice Cream Ingredients Upon the Viscosity 
of the Mix.” D. A. Downs, Lincoln, Nebr. 

Professor P. M. Brandt delivered a thorough report on “The 
Operation of College Creameries.” 

Professor A. C. Baer was called upon to tell of the successful 
operation of a cooperative creamery in conjunction with the 
College at Stillwater, Oklahoma. The report was approved. 

Professor Roadhouse then suggested that a committee be ap- 
pointed to present the above report to the National Dairy 
Organizations such as The National Milk Dealers’ Association, 
The Ice Cream Manufacturers Association, The American Asso- 
ciation of Creamery Butter Manufacturers, The National But- 
termakers’ Association, and the National Cheese Association. 

The suggestion was approved and Chairman Judkins appointed 
the following committee: C. L. Roadhouse, Chairman, 0. F. 
Hunziker and P. M. Brant. 

Election of officers of Section II resulted as follows: A. C. 
Baer, Stillwater, Okla., Chairman; C. D. Dahle, State College, 
Penn., Secretary. 

The meeting adjourned at 6:15 p.m. until 1926. 

N. E. Olson, 
Retiring Secretary. 
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EXTENSION SECTION 

The Extension Section this year held one of the most interesting 
meetings in its history. About 70 members were present from 18 
states and the District of Columbia. The committee reports 
showed that much work had been done by the various committees, 
and splendid papers were read on subjects of timely interest. 

The meeting was called to order by the Chairman, L. W. 
Moiiey. Minutes of the last meeting were read by the Secretary, 
C. A. Hutton, and approved. 

Reports of the various committees were called for. Professor 
J. D. Brew, Chairman of the Dairy Manufacturing Committee, 
was absent. 

Professor E.B. Fitts, Chairman of the Feeding Committee, sub- 
mitted a written report together with copies for each member of 
the Extension Section. Professor Fitts emphasized the impor- 
tance of practical suggestions in bulletins and other printed ma- 
terial, as well as in talks to demonstrators about feeding methods 
and rations. He referred to a number of useful bulletins which 
have been issued by various dairy .specialists during the year. He 
also called attention to the value of the feeding school, conducted 
in the demonstrator’s barn, as a useful method of interesting the 
dairymen in the community in improved rations. 

Miss Jessie M. Hoover, Chairman of the Milk Campaign 
Committee, said she would submit a mimeographed report for 
members. 

Mr. L. A. Higgins, Chairman of the Bull Association Com- 
mittee, was not present, and the report was read by the Secretary 
and adopted by the meeting. 

An interesting discussion followed and a motion was adopted 
that the work of the committee be broadened to include dairy 
sire work in general. 

Mr. E. J. Perry, Chairman of the Calf Club Committee, sub- 
mitted a written report which was read and adopted. The 
recommendations of this committee were as follows: 

1. That high average results per member rather than a large enroll- 
ment should be the goal. 
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2. That membership should first be enlisted from among those 

responsible families most in need of good dairy animals. 

3. That subject matter for use by calf clubs should be prepared 

by the extension specialists in consultation with the dairy 
department. 

4. That a manual or bulletin containing in simple form the funda- 

mentals of management be used, supplemented with seasonal 
circular letters. 

Circular letters may well contain questions to be answered by the 
members from reference bulletins, manuals, etc., the answers 
to be returned to the club leader or specialist. 

5. It is strongly urged that in follow-up work every effort be put 

forth by club leaders and dairy extension workers to secure 
yearly records on all milking heifers. 

6. That the records of milking animals be summarized, first by the 

various states and then nationally. These records wMe 
privately made should be used in contrast with the United 
States average production per cow to strengthen the calf 
club work throughout the country. 

Mr, A. B. Baltzer, Chairman of the Cow Testing Association 
Committee, submitted a lengthy and very interesting written 
report. A very interesting discussion followed. A motion was 
carried that the report be adopted and presented to general ses- 
sion of American Dairy Science Association. This report showed 
that the committee had given a great deal of time and thought to 
the task of working out a system for uniform methods of cow 
testing association work throughout the various states. The 
report covered standard rules and regulations for the operation 
of testing associations. It was later presented to the general 
session of the American Dairy Science Association, where it was 
iinanimously adopted. 

^^Methods of Dairy Extension and Follow-up Work^’ was the 
subject of a paper by Mr. E. J. Perry. Mr. Perry brought out 
some interesting points in regard to new methods of systematic 
planning of extension work. 

Mr. J. B. Parker gave a report on short-cut methods in cow 
test association work. He emphasized sticking to the regular 
cow-test association plan wherever possible. 
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The following officers were elected: Chairman, A. J. Cramer, 
Wisconsin; Vice-Chairman, C. B. Finley, Iowa; Secretary, C. R. 
Gearhart, Pennsylvania. 

Chairman Morley aimounced that a new plan was being in- 
troduced this year, whereby the members of the Extension 
Section will be furnished copies of the various papers and com- 
mittee reports. 

Adjournment. 

Note: Copies of the committee reports and papers have been sent to the mem- 
bers of the Extension Section. Any member failing to receive copies, or desiring 
additional copies, should communicate with Mr. C. R. Gearhart, Secretary, 
State College, Pa. 

C. A. Hutton, 
Secretary, 


ADVANCED REGISTRY SECTION 

Meeting of the Advanced Registry Section of the American 
Dairy Science Association, Monday, October 12, 1925, at the 
Severin Hotel, Indianapolis, Indiana. 

In the absence of Professor G.C. White of Connecticut, the sec- 
tion elected C. E. Wylie of Tennessee to act as Chairman. M. H. 
Campbell of Illinois was appointed as Acting Secretary, C. E, 
Wylie, as Secretary, read a report of the minutes of the last 
meeting at Milwaukee. Mr. Harris of Wisconsin gave the 
following report for the Investigation Committee. 

Conclusions of Investigation Committee 

It would seem that sufficient data has been presented to warrant 
the conclusion that the one-day test, at least under normal conditions, 
is about as reliable as the one for two days. Three independent studies 
show very close agreement in results and larger numbers would evi- 
dently reduce the variation still further. It is therefore pertinent 
to consider what, if any, abnormal conditions might affect the reliability 
of the one-day test to a greater extent than would obtain in a test for a 
longer period. 

Experiments to determine the effects of various feeds indicate that 
such effect is, generally speaking, not immediate and usually not appar- 
ent until the second day. Darnell of Texas is continuing this, in- 
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vestigation, preliminary results being in accord with the above. If 
this be trae, the shorter period is an advantage. There is room for 
further investigation along this line and also to determine the effect of 
lengthening or shortening the interval between milkings^ changing 
method of milldng and feeding or not feeding cows while being milked. 

Professor Cohnan, Oregon, submitted a report entitled “A Study of 
the Estimated Versus the Actual Milk Weights as Reported by the 
Breeders'" which is not included in the body of this report only because 
of lack of space. 

Respectfully submitted, 

Roy T. Haeris, Chairman^ 
Committee on Investigations, 


Mr. Harris^ report was accepted. 

Mr. Musser of the American Guernsey Cattle Club, brought up 
a question requiring the supervisor not to talk during a test. It 
was moved and seconded and passed that this be referred back 
to the Breeds^ Relation Committee. 

Professor Conklin of the Ayrshire Breeders’ Association pre- 
sented the plan of the Ayrshire herd test. He stated that this 
plan was presented to the committee for their suggestions and 
criticisms, in as much as it was the plan of this test to have the 
Advanced Registry Officials in the several states to supervise the 
herd test system. 


Ayrshire Herd Test Plan 

1. The Test shall be available to Ayrshire herds, grade and purebred 

2. When a herd is entered in the Test every cow which has ever 
freshened or freshens subsequently shall be included without reference 
to period of lactation. 

3. All cows must be identified by tattooing. 

4. Cows shall not be milked more than twice per day, except when 
producing as much as the following quantities: mature cows, 40 pounds, 
four year olds, 35 pounds; three year olds, 30 pounds, and two year olds, 
25 pounds. 

5. The Test shall be for a period of twelve months and breeders are 
urged to enter their herds with the intention of continuing them in the 
Test year after year. 

6. The Test shall be based upon a one day inspection of milk and fat 
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production each month with such additional surprise tests as may be 
deemed necessary for authentication. It is strongly recommended that 
daily milk weights be kept by the owner to indicate the exact milk 
production. Lacking daily records, the montli^s credit for milk shall 
be computed from the da^^^s production. 

7. A maximum of 20 cows may be included in one day’s test when 
none are milked more than twice per day. In no case shall the test 
include more than forty milkings per day. 

8. No minimum qualifying production requirements for herd averages 
shall be set. In calculating herd averages the production of all cows 
which have ever freshened and are owned in the herd eight months or 
more of the year shall be counted. 

9. Supervision and authentication of Herd Tests in the several 
States shall be under the direction of the Agricultural Colleges. Cow 
testing association supervisors may conduct the tests provided the 
requirements of the A 5 rrshire Breeders’ Association and the supervising 
CoUege are met, it being understood in such an instance that the super- 
visor while engaged in the work of the Herd Test is considered the 
employee and representative of the college and responsible to it. Pay- 
ment for his work shall be made by the College, fees being paid the 
College by the herd owner. Where no cow testing association is avail- 
able supervision may be made by the men employed by the College in 
official and semi-official testing or by such other qualified agencies as 
may be agreed upon by the Ayrshire Breeders’ Association and the 
College. 

10. To enable owners of herds entered in this test to secure the extra 
authentication and publicity of Roll of Honor records on outstanding 
individuals it is provided that semi-official tests may be conducted in 
connection with the Herd Test, provided the requirements of this test 
and of Article III of the By-Laws are met. 

11. A herd test book shall be furnished by the Ayrshire Breeders’ 
Association to each owner whose herd completes a year’s test. This 
shall be arranged to provide a separate page for each cow on which is 
given for each month the production of milk during the day of the test, 
the fat percentage, amount of milk and fat for the month, the value 
of the product, the amount and cost of feed, and the profit or loss. In 
the back there shall be space for a summary of the year’s work of each 
cow tested and for the seal of the Ayrshire Breeders’ Association. 

12. Upon receipt of information that a breeder desires to enter bis 
herd in this test the Ayrshire Breeders’ Association shall mail a blank 
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wMch tlie applicant shall fill out and forward to the Aj^rsiiire Breeders^ 
Association together with fees to cover the Association's charge for the 
first month. Provision shall be made on this blank for an application 
for test which shall incorporate a certification that the data submitted 
on the herd is accurate and that the applicant will endeavor to see that 
the test data collected accurately measures the production of the herd. 
The following information shall be given for all cows in the herd w^hich 
have ever freshened, Registry number if recorded, tattoo marks, age, 
date of last calving, service dates, etc. 

Upon acceptance of an application for a herd test the Association shall 
make arrangements for the beginning of the monthly supervisions. 
Monthly records shall be sent to the Ayrshire Breeders’ Association 
and entered there in the herd test book. Carbon copies shall be left 
on the farm. At the end of the year the book shall be summarijzed by 
the Ayrshire Breeders’ Association and sent to the herd owner as a 
permanent record of his herd’s performance. 

13. Individual herd test certificates. Certificates of individual 
records of meritorious cows in the herd test shall be furnished when 
such cows produce as much as the following quantities of milk and fat 
specified during the 305 days of the test and drop living calves within 
400 days of the previous freshening and such records are accepted by 
the Ayrshire Breeders’ Association: 



MINIMUM EEQUIEEMENTB 

1 ^ . 


Milk 

Fat 

Mature, 

j pounds 

7,500 

7,000 

pounds 

300 

Senior Four 

280 

Junior Four 

6,600 

264 

Senior Three 

6,150 

246 

Junior Three 

5,700 

228 

Senior Two 

5,250 

210 

Junior Two i 

4,800 

i 

192 


14. Sires with four daughters out of four different dams, qualifying 
for Herd Test Certificates, shall be designated as Herd Test Sires, and 
each assigned a number. 

15. Fees. Charges for tests shall be borne by owner, including 
surprise tests and any special tests for authentication which may be 
deemed necessary by the Ayrshire Breeders’ Association or the Agricul- 
tural College. 
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A fee of twenty cents per month per cow in m il k shall be charged by 
the Ayrshire Breeders’ Association for computing the records, publica- 
tion of accepted records, blanks, herd books, etc. This fee shall be 
payable in advance. 

The first part of the committee meeting was devoted entirely 
and at some length to a discussion of this plan of testing. Those 
present t ought that the principles of this test were of far reach- 
ing importance to the conduct of Advanced Registry Testing and 
therefore this subject was the most important subject to be con- 
sidered at this meeting. This plan of testing includes the testing 
of all cows in A3T:shire herds both grade and purebred. It pro- 
vides for a one-day test, as many as twenty cows on test in a day, 
one or more cows milked at a time, cow testing association or 
Advanced Registry Testers and authentication of the test reports 
by the colleges. Conklin, Reed and Campbell expressed the idea 
that there was a tendency for this kind of testing to increase. 
Regan, Fitch and Wing thought that this idea was a compromise 
between Advanced Registry Testing and Cow Testing Associa- 
tion Records. Everyone seemed to agree that the rules for 
Advanced Registry Testing should not be materially lowered as 
they were the outgrowth of many years of constant revision. At 
the same time everyone seemed to think that the herd test plan 
was a good thing to encourage. 

It was moved and passed that the Breeds’ Relation Committee 
approve the conducting of the herd test by the Supervisor of 
Advanced Registry of the various states so long as the rules of the 
American Dairy Science Association governing official testing are 
followed. A motion was passed favoring the appointment of one 
man from the Breeds’ Relation Committee to consider with a man 
appointed from the Investigation Committee, the herd test plan. 

Regan of California presented a plan for uniform guarantee for 
payment of Advanced Registry Testing. This report which 
follows was adopted: 
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Report of Sub-Committee on Uniform Guarantee in Payment Testing 

Accounts 

Resolved^ That we of the Testing Section of the American Dairy Science 
Association^ feeling keenly the need for a more definite and uniform 
practice as regards guarantee of testing accounts by the various cattle 
clubSj do recommend the following as the preferred practice in handling 
such accounts. 

1. That the college concerned render bill to the owner for tests 
conducted as promptly as possible after the work is completed, 

2. If bills rendered for as much as two months work be not paid 
by the time the statement for the third month is read}^, such statement 
should be made out listing items in full with dates of service rendered 
and presented to the cattle club concerned. 

3. If such statement covering three months testing is not paid by the 
owner within 15 days following the date of rendering such bill to the 
cattle club the college notify the owmer that he is delinquent and that 
testing in his herd is and has been suspended until such time as his 
account shall be paid. 

4. If the delinquent breeder fails to make payment within 15 days 
following the date when he is declared delinquent, the college is to 
render final detailed statement to the cattle club (no further tests being 
conducted in the meantime) and the cattle club to make pa 3 anent to the 
college within 30 days or as soon as items can be properly verified. 

Be it further resolved that the Chairman of the Breeds^ Relation Com- 
mittee be instructed to transmit these resolutions to the proper official 
of the respective breed associations requesting their adoption by them 
and their incorporation in the breed handbooks and literature on official 
testing. 

R. T. Hareis, 

W. M. Regan. 

It was brought to the attention of this committee that a rule 
should be made to prohibit the talking of test supervisors or in 
otherwise interfering with a cow where he is supervising the 
testing. There was also a discussion in regard to a rule govern- 
ing the adulteration of sulfuric acid. No motion was passed 
concerning these two points but it was thought best to properly 
instruct the supervisor on these two subjects. 

A motion was passed that Advanced Registry Section favor 
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either a one-day test with preliminary milking or a two-day test 
with preliminary milking in the conduct of Advanced Registry 
Testing. 

Signed : C. E. Wylie, Chairman, 

M. H. Campbell, 

J. B. Fitch, 

O. E. Reed, 

J. R. Dice. 

Following the Report of the Breeds’ Relation Committee 
Professor Regan asked for a discussion regarding the Ayrshire 
herd test plan. Professor Conklin of the Ayrshire Breeders’ 
Association presented this plan to the meeting. There was 
considerable discussion on many phases of this plan. It was 
moved, seconded and passed to amend the Breeds’ Relation 
Report as follows: 

That the super%dsion of a herd test plan follow in a general 
way, the rules as proposed bj’ the Ayrshire herd test plan and 
that differences between this and the Advanced Registry rules be 
adjusted by a sub-committee of the Breeds’ Relation Committee, 
such committee to work with the Ayrshire Breeders’ Association 
and other associations during the year and to come before this 
section with certain recommendations next year. The report 
of the conamittee as amended was approved unanimously. 

Professor Conkhn of the Ayrshire Breeders’ Association pro- 
posed a College Students’ Essay Contest on the Economical Value 
of Production Tests. It was moved and passed that this plan 
be referred to the general session and that a man be appointed to 
represent the American Dairy Science Association on the Contest 
Committee. 

In the absence of W. E. Peterson of Minnesota, Mr. Harris of 
Wisconsin read a paper prepared by Mr. Peterson on “The 
Adulteration of Sulfuric Acid Used in Testing for Advanced 
Registry.” This paper was summarized as follows: 

1. Most fats and oils added to the sulfuric acid will increase the test 
of milk when such acid is used. All such fats and oils float on top of the 
acid and cause it to become very dark and sirupy, but do not affect its 
activity. 
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2. Many fat solvents when added to suKuric acid will increase the 
test of milk where such acid is used. All float on top of the acid, 
but many do not affect the appearance of the acid nor its activity. 
Duplicate samples of milk where such acid is used will fail to check 
within permissible limits. 

3. Saturated solutions of butterfat in gasoline, benzine and xylol 
will not materially affect the appearance of cold acid and will remain in 
solution with the acid for an hour or more after becoming thoroughly 
mixed. Successive samples of acid drawn will produce identical 
results; all samples checking in duplicate within the permissible limits 
of variation. 

4. The presence of any substance in the sulfuric acid that will increase 
the test of milk when such acid is used in testing can be detected by 
making a ^Tlank^^ test of the acid. 

Mr. Davidson of Illinois presented a paper on “The Methods of 
Detecting the Leaving of Milk in the Cow^s Udder.^^ Mr. 
Johnson of Connecticut Agricultural College, gave a report of 
“The Study of the Padding of Milk Weights.^^ 

On ballot C. E. V/ylie was elected Chairman, W. E. Peterson 
Secretary of Section IV, for 1926. 

The meeting adjourned. 

C. Elmee Wylie, Secretary^ 
fer M. H. CampbelL 

EEPOET OF THE NINTH STUDENTS NATIONAL CONTEST IN JUDGING 

DAIEY PEODUCTS 

Held at Indianapolis, Indiana, October IS, 1925 

The personnel of the official judging committees was as follows: 

For Butter: 

0. S. Hagen, Bureau of Agricultural Economics, U. S. Depart- 
ment of Agriculture. 

C. L. Pier, Bureau of Agricultural Economics, U. S, Depart- 
ment of Agriculture. 

For Cheese: 

C. W. Fryhofer, Bureau of Agricultural Economics, U. S. 
Department of Agriculture. 
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For Milk: 

R. J, Posson, Bureau of Dairying, U. S. Department of 
Agriculture. 

C. J. Babcock, Bureau of Dairying, U. S. Department of 
Agriculture, 

The trophies offered in this contest and the winners of these 
trophies this year are as follows: 

National Dairy Exposition cup for team highest in all products 
Iowa State College. 

J. G. Cherry cup for team highest in butter. South Dakota State 
College. 

Hoard^s Dairyman cup for team highest in cheese. Iowa 
State College. 

J. B. Ford cup for team highest in milk. West Virginia University. 

National Federation of Milk Producers cup to institution having 
highest individual in milk. W. B. S. Woodward, Ohio State 
University. 

Gold medal for highest individual in judging all products, given 
by National Dairy Exposition. W. W. Richman, Pennsyl- 
vania State College. 

Silver medal for second highest individual in judging aU products, 
given by National Dairy Exposition. Snowden R. Clary, 
Iowa State College. 

Bronze medal for third highest individual in judging all products, 
given by National Dairy Exposition. Walter L. Olson, Iowa 
State College. 

Gold medal for highest individual in butter. American Creamery 
Butter Mfgrs. Association. W^alter L. Olson, Iowa State 
College. 

Silver medal for second highest individual in butter. National 
Dairy Exposition. Emery Bartle, South Dakota State 
College. 

Bronze medal for third highest individual in butter. National 
Dairy Exposition. Daniel Jacobsen, South Dakota State 
College. 

Gold medal for highest individual in cheese. National Cheese 
Association. Snowden R. Clary, Iowa State College. 

Silver medal for second highest individual in cheese. National 
Dairy Exposition. Ralph P. Wilson, Iowa State College. 
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Bronze medal for third highest in cheese. National Dairy Exposi- 
tion. W. W. Richman, Penns^dvania State College. 

Gold medal for highest individual in milk. International Milk 
Dealers Association. W. B. S. Woodward, Ohio State Uni- 


versity. 

Silver medal for second highest individual in milk. National 
Dairy Exposition. Geo. N. Gray, Oregon Agricultural 
College. 

Bronze medal for third highest individual in milk. National 
Dairy Exposition. L. L. Lough, West Adrginia University. 


REFOET OF THE SEVENTEENTH STUDENTS DAIEY CATTLE JUDGING 
CONTEST INDIANAPOLIS, INDIANA, OCTOBER 10, 1925 

Twenty-four teams were entered in this contest, twenty of 
which are listed in the table showing the standing in all breeds. 


Individuals 
Ayrshire^ (no prize) 

Name 

1. W. N. Wehr 

2. W. S. Bishopp. . 

3. B, J, Griffin 

4. Albert I. Mann, 

5. H, H. Hannam.. 

6. M. L. Paul 

7. 0. I.. Ryali 

S. Ross Miiier 

9. T. Martell 

10. F. J. Arnold 


State 

Ohio 

New York 
Nentucky 
.Massachusetts 
Ontario 
. Texas 

North Dakota 
Nebraska 
North Dakota 
-Iowa 


Score 

378 

373 

371 

361 

359 

348 

348 

341 

339 

335 


Indhidmis 


Guernseys 

1. D. M. Seath .Iowa 

2. F. J, Amok! Iowa 

3. C. N. Dotson Oklahoma 

4. 0. P. Garrett. ........ Illinois 

5. G. L. Biakeslee Minnesota 

6. R. Coley — Oklahoma 

7. R, K, Mitchell New York 

8. H. L, Peterson Texas 

9. C. W . Thole. Kansas 

10. G, Bowman. Virginia 


375 

375 

375 

360 

360 

360 

355 

365 

355 

350 
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Teams 

Ayrshites 

1. Kentucky 

Ayrshire trophy— Ayrshire Breeders Association 

2. Ontario 

3. Ohio 

4. Texas 

5. Massachusetts 

6. North Dakota 

7. New York (Cornell) 

^ South Dakota 

iS 


9. D. R, Williah. - - 

10. 0. F. Garrett been ^ 

Individuals 

Jerseys 

1. J. E. Craig Wisconsin 

AJCC Scholarship $400 

2. D. M. Seath Iowa 

3. L. F. Steiner Ohio 

4. R. C. Ferguson low'a 

5. T. M. Miller Indiana 

6. G. H. Faulconer Kansas 

7. 0, F. Garrett Illinois 

S. R. E. Horwood Michigan 

9. M. L. Paul Texas 

10. A. E. Skidmore Oregon 

Individuals 
All breeds 

1. E. Bartie S. Dakota 

Gold Medal — National Dairy Association 
Cane—Dairy Farmer 

2. D. M. Seath Iowa 

Silver Medal-National Dairy Association 
Cane — Dairy Farmer 

3. 0. F. Garrett Illinois 

Bronze Medal— National Dairy Association 
Cane— Dairy Farmer 

4. C. L. Biakeslee • .Minnesota 

5. G. H. Faulconer Kansas 

6. R. C. Ferguson Iowa 

7. W. S. Bishopp New York 

8. R. H. Smith S. Dakota 

9. F. J. Arnold Iowa 

10. W. N. Wehr Ohio 


.... 1001 

.... 995 
.... 986 
.... 984 
.... 979 
.... 967 
.... 951. 

325 

325 


380 

375 

375 

369 

367 

365 

363 

362 

361 

360 


1380 


1365 


1361 


1343 

134! 

1338 

1327 

1317 

1313 

1304 
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dairy science assp^^iation 


dividtiah 


olsitins 

.Minnesota 

370 


. 0. D. Biakealee. _■ 

Holstein-Friesian Scholarship b4uu 

.S. Dakota 

365 



. .New Aork 

ooo 



. . . Iowa 

335 



Oregon 

329 



Massachusetts 

32o 



.New York 

325 ^ 

951 

9 . 

. .Tennessee 


947 

10. Iowa 

.Mass-; 


944 


Teams 


G'mrnfieys 

L Iowa 

Guernsey troph}^ — American Guernsey Cattle Club 
Guernsey piacque — American Guernsey Cattle Club 
[R. G. Ferguson 
|D. M. Seath 
Book Eacis < F, J. Arnold 

jC. T. Peterson (Alt.) 

(Prof. F. Ely (Coach) 

2. Oklahoma 

3. Kansas 

4. S. Dakota 

5. Minnesota 

6. Cornell 

7. Illinois 

S. Ontario 

9. Nebraska 

10. Missouri 


1090 


1045 

1025 

1015 

990 

980 

980 

975 

940 

935 


Team 

Holsietn 

1. S. Dakota 

Holstein trophy 

2. Cornell 

3. Illinois 

4. Oregon 

5. Iowa. 

0, Purdue 

7. Minnesota 

S. North Dakota 

9. Wisconsin 

10. Massachusetts. . . . . 


985 

970 

946 

931 

913 

909 

885 

873 

871 

870 



THE HOLE OF VITAMIN A IN THE NUTRITION 
OF CALVES* 

I. R. JONES, C. H. ECKLES and L. S. PALMER 
University of Minnesota, 8t. Paul, Minnesota 

INTEODirCTION 

Vitamin A has been found to be an indispensable factor in the 
diet of a number of species of animals. The most characteristic 
symptoms of a deficiency resulting from its absence, determined 
especially in case of small laboratory animals, are failure to grow, 
xerophthalmia, respiratory trouble, intestinal disturbances, death 
and, ■with naature animals, failure of normal reproduction and 
rearing of young. The question seems pertinent as to how far 
the results obtained with laboratory animals are applicable to 
domestic, ruminating animals, concerning which no systematic 
study has been foimd in the literature. 

It ■will be the purpose of this paper to set forth the results of an 
investigation to determine if ruminants, as represented by calves, 
require a supply of ■vitamin A for normal growth and well-being. 
Although the problem was attacked largely from the scientific 
aspect, the economic consideration was kept in mind. With 
approximately 4,500,000 calves of the dairy breeds alone raised 
yearly any investigation dealing with their normal nutrition may 
be of tremendous practical significance. 

HISTORICAL REVIEW 

The discovery of vitamin A was based upon the fact that it is 

present in butterfat, but not in lard (1) (2). The vitamin was 

* 

^Eeceived for publication January 10, 1026. Presented to the Graduate 
Faculty, University of Minnesota by I. R. Jones in partial fulfillment of the re- 
quirements for the Ph.D. degree. Published with the approval of the Director as 
Paper No, 678, Journal Series, Minnesota Experiment Station. 
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designated as “fat-soluble A” by McCollum and Kennedy (3) 
because of its solubility in fats and fat solvents. However, the 
%dtainin is not necessarily associated with fats as, for exarople, 
when found in green plants. Also recent investigations (4) (5) 
have shown that there are two fat-soluble vitamins, one specific 
in the prevention of xerophthalmia, the other in the prevention 
of rickets. The anti-xerophthalmic factor is now usually de- 
signated as \dtamin A and the anti-rachitic factor as rdtamin D. 

The chemical nature of vitamin A is unknown. The vitamin is 
quite stable towards heat in the absence of air and oxidizing 
agents. The body has a considerable capacity for storage of 
ritamin A, especially in the fiver (6). 

Some of the sjTnptoms of vitamin A deficiency in the rat are 
failure to grow (1) (2), xerophthalmia (7) (8), infections of the 
respiratory tract (9) (10), intestinal atrophy and thrombopenia 
(11), and osteoporosis (12). Cessation of gi’owth, keratomalacia 
and an epizootic were observed in guinea pigs on a vitamin A 
deficient diet (12) (13). Rabbits ceased to grow and developed 
xerophthalmia on such a diet (14). Chickens likewise ceased to 
grow (15) and developed xerophthalmia (16) (17) on a diet lack- 
ing ■\fitamin A. 

Kittens fed on a ■vitamin A deficient diet ceased growing, de- 
veloped diarrhea and showed intestinal atrophy (18). Dogs on 
such a diet developed xerophthalmia (19) . Pigs would not grow 
in the absence of •vitamin A (20). 

In case of the human, especially children, xerophthalmia and 
keratomalacia are vnry common when the vitamin A content 
of the diet is inadequate (21) (22). Failure to grow and respira- 
torjf infections are other symptoms. 

As yet there is nothing definite in the literature as to the mode 
of action of -vitamin A. Cramer (11) believes that it acts as a 
hormone stimulating food absorption. Keith and Mitchell (23) 
think that it is “involved in the metabolism incident to the in- 
creased activity of the voluntary muscles.” Sherman (24) sug- 
gests that •vitamin A may be related to tissue building, it possibly 
being an important constituent of tissue. 
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EXPERIMENTAL 

Factors involved in the problem 

The investigator conducting experiments with large animals 
involving deficient rations is confronted with many difiB.culties 
that the worker with small laboratory animals does not meet. 
This is especially the case in vitamin deficiency studies. The 
main difficulty is the formulation of suitable rations. The prep- 
aration of a ration of purified food stuffs for large animal experi- 
ments is a practical impossibility due to the large amount of food 
consumed, the length of the growth cycle and the cost of such a 
ration. The problem then is to select natural foodstuffs that are 
lacking or deficient in the factor studied or which can be made so 
in some practical manner. In the case of herbivora the ration 
must be selected from the limited supply of feeds that this group 
will consume. Also the ration of herbivora is composed largely 
of roughage, and it is exceedingly difficult to grow or maintain 
an animal of this group on a ration composed exclusively of con- 
centrates. Natural roughages consist largely of the leafy part 
of plants, and as vitamin A is synthesized in the leaves of plants 
it is a difficult matter to find a natural roughage deficient in the 
vitamin. 

It is a recognized fact that vitamin A is stored in the bodies of 
the young to a greater or less extent, depending on the diet of the 
mother. This being the case, it is essential that the ration of the 
dam be known for the period while the young were in vi&ro if an 
attempt is to be made to measure the requirement of the young 
for this factor. This is especially difficult in the case of herbivora 
because of the lack of definite information concerning the vitamin 
content of many of the ordinary feeds. 

PLAN OF EXPERIMENT 

The plan was to place a small number of calves on a ration 
selected as suitable for animals of this kind and thought to be 
adequate except in vitamin A. At the same time tests of each 
ingredient of the ration for vitamin A were to be started with rats. 
With the information at hand from these preliminary tests it was 
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planned to formulate definite plans for the rations to be used in 
the more extensive experiments to follow. 

Calves were selected so far as possible from dams whose rations 
were known for the periods while the calves were in utero in order 
to indicate their possible vitamin A storage. The calves were 
obtained as soon after birth as possible so that their ration was 
regulated and accurate records of feed consumption and growth 
kept from an early age. The calves were to be continued on ex- 
periment until at least one year of age, unless they developed 
S 3 rmptoms of a deficiency before that time, in which case they 
would either be continued on the same ration until other symp- 
toms developed, or would be given a supply of vitamin A in an 
attempt to bring them back to normal. 

ANIMAIiS USED 

Six experimental animals (E-38, E-47, E-57, E-63, E-64 and 
E-66) and three control animals (E-46, E-56, and E-65) were 
used in the investigation. E-38, E-46 and E-47 were placed on 
experiment before definite information was at hand concerning 
the vitamin A content of the various ingredients of the ration. 
All the animals used were either grade or purebred Holsteins. 

RATIONS USED 

Milk was used as one of the basal constituents of the ration 
because of the well recognized fact that milk contains the dietary 
constituents necessary for growing mammals. The calves were 
given untreated whole milk for a limited period and then changed 
to whole or skimmilk treated in a manner thought to destroy any 
vitamin A present as a ration deficient in this factor was desired. 
Later the calves were given s kimmilk remade from oxidized 
s k i mmilk powder or, if they would consume it, skimmilk powder 
in the dry form. The method used in treating the liquid milk 
and the s kimmilk powder was based on the fact that oxidation 
destroys vitamin A. After some experimenting with calf E-38 
the following procedure was adopted for treating the milk : (a) 
10 ec. of hydrogen peroxide were added for each pound of milk; 
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(b) the milk was heated to 60°C. in a water bath and held at that 
temperature for one hour; (c) liquid oxygen from a storage drum 
was allowed to bubble through the milk at the rate of about 60 
cubic feet per hour for each forty pounds of milk. S kimmilk 
treated in the above manner was tested with rats to determine its 



Eats 1 and 3 were 34 days, and rats 2 and 4, 33 days of age when placed on the 
test ration. The consumption of treated skimmilk Taried from 16 to 35 cc. daily 
per rat, with an average consumption throughout the test of about 26 cc. The 
mothers of these rats received a diet very rich in vitamin A as it included 6 per 
cent alfalfa, 3 per cent cod liver oil and whole milk ad libitum. This undoubtedly 
accounts for the long period of growth before retardation set in. The results 
indicate a deficiency of vitamin A in the treated skimmilk. 

vitamin A content with the results shown in figure 1. The results 
indicate a deficiency of vitamin A in the skimmilk . 

The skimmilk powder used was manufactured by the spray 
process. The powder was exposed to air and light on the assump- 
tion that any vitamin A present would be destroyed by oxidation. 
The procedure was to spread the powder in shallow layers in 
pans and boxes placed outside in the sun during the summer 
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Fig. 2 


TJie rats used in the oxidized skimmilk powder test represented animals from 
three different litters, the other rats being used in the, white corn, wheat straw 
and dried beet pulp tests. Rats 16, 17, 18 and 21 were placed on the basal ration 
at 26 days and rats 23 and 26 at 30 days of age. Only in case of rat 17 did xeroph- 
thalmia develop before the change to the experimental ration. However, all the 
other rats iater developed xerophthalmia and died of vitamin A deficiency showing 
that the oxidized skimmilk powder was free of vitamin A. The average weekly 
food consumption per rat was 46 grams and 44 grams for the basal and experi- 
mental rations respectively. 


months and inside on a warm cement floor during the winter 
mouths. The powder was frequently raked over and was ex- 
posed until it changed from its original yellowish to a eharacteris- 
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tic white color at which time it ako became tallowy in flavor. 
The oxidation process required five or six days exposure in direct 
sunlight and three to four weeks in indii’ect light. The oxidized 
powder 'was tested on rats with the results shown m figure 2. 
The rats in this case were placed on a basal diet lacking in vitamin 



Fig. 3 

The four rats used in this test represented three litters. Rat 12 was given the 
basal ration at the age of 26 days and rats 13, 14 and 28 at 30 days. The change to 
the experimental ration did not bring about resumption of growth or heal xeroph- 
thalmia in the one rat affected. On the other hand, the three other rats devel- 
oped xerophthalmia before death. The average weekly food intake per rat was 
about 55 grams of both the basal and experimental rations. The results show that 
white corn (Rustler White variety) is lacking in vitamin A. 

A until they developed symptoms of vitamin A deficiency, at 
which time the skimmilk powder was substituted for 30 per cent 
of the diet. The results with six rats show conclusively that the 
oxidized skimmilk powder was practically free of vita, min A for 
all of the rats died of vitamin A deficiency. 

White com (Rustler White variety) was used as a source of 
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Fig. 4 

The 6 rats used in the above test represented four litters. Rats 16, 20 and 22 
were placed on the basal ration at 26 days of age, rat 24 at 30 days and rats 33 and 
35 at 29 days. The chart shows that a change to the wheat straw ration caused a 
resumption of growth in case of every rat. The xerophthalmia was healed in five 
to seven days and the respiratory infection warded off in the rats affected. The 
average weekly food consumption per rat was 45 grams and 85 grams of the basal 
and experimeEta! rations, respectively. 

energy and vitamin B. Harshaw (25) found that 25 per cent 
of white com as the sole source of vitamin B enables rats to make 
normal growth. Steenbock and Boutwell (26) were unable to 
demonstrate any vitamin A in white com. The white com used 
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in this experiment was tested with rats to determine its vitamin 
A content. The results with four rats, as seen in figure 3, show 
conclusively that white corn (Rustler White variety) is practically 
free of vitamin A. 

Wheat straw was given as a roughage to calves E-38, E-46 
and E-47. As pointed out previously, herbivora require rough- 
age for normal growth and behavior and natural roughages prob- 
ably contain more or less vitamin A. The straws of the cereal 
grains were thought to offer the best chance of success in finding 
a roughage deficient in vitamin A; therefore the selection of wheat 
straw. The vitamin A content of the wheat straw, determined by 
rat feeding tests, was strikingly different than anticipated. As 
seen in figure 4, the results with six rats show conclusively that 
wheat straw is a good source of vitamin A. Dried beet pulp 
was next selected as a roughage possibly lacking in vitamin A 
factor. Rat tests were made with the results set forth in figure 
7. These show that dried beet pulp is decidedly lacking in 
vitamin A. 

Lemon jiuce was given to calves E-38, E-46 and E-47 as a 
source of vitamin C. Osborne and Mendel (27) found that lemon 
juice contains only a trace, if any, of fat-soluble vitamins. Lemon 
juice was omitted from the ration of calves other than the above 
mentioned animals because Thurston, Eckles and Palmer (30) 
have found that calves do not require vitamin C for normal 
growth and well-being. 

Mineral supplements of calcium carbonate or of calcium car- 
bonate and calcium phosphate were added to the rations of the 
calves to give an approximate by weight ratio of 1.5 of calcium 
to 1 of phosphorus which ratio McCollum and co-workers (28) 
regard as about the optimum for rats. 

Cod liver oil was included in the ration of the control animals 
as a source of vitamin A. In the case of calf E-38 oxidized cod 
liver oil was given as an anti-rachitic agent during the winter 
months. The oxidation of the cod liver oil was carried out some- 
what in the manner reported by Steenbock and Nelson (5). The 
other calves were amply supplied with sunshine during most of 
the experimental periods. 
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The calves were stabled in individual pens. Shavings were 
used for bedding. All experimental calves were turned out in a 
yard together on all days unless the weather was very bad. The 
yard is located so that it is exposed to the sun the greater part 
of the day. White corn and wheat straw or dried beet pulp were 
given to the calves ad libitum while the other ingredients of the 
ration were fed in definite amounts. Salt was always available 
and water was amply supplied. 

Accurate records of feed consumption were kept. Growth was 
ascertained by weighing every ten days with a three-day weigh- 
ing period every thirty days and by measuring the height at 
withers every thirty days. Daily observations of the calves 
were made and any abnormal symptoms noted. Photographs 
were taken at various intervals to portray the development of 
the animals. 


RESULTS OP EXPERIMENTS ON CALVES 

Experimental calf E-S8, Male; dam received pasture seven months 
and dry feedstuff s two months of gestation period. E-38 was kept on 
experiment for 402 days without any abnormal symptoms resulting. 
The growth by weight compared to the Eckles (29) normal Holstein 
curve is shown in figure 5. As shown in figure 6, the liver of E-38 was 
found by rat tests to contain considerable vitamin A. 

Control calf E-IfG. Female; dam received dry feedstuff's throughout 
gestation period. As E-46 was a control animal cod liver oil was fed 
at the rate of 20 cc. of the oil daily beginning with the 12th day. E-46 
was kept on experiment 327 days during which time no abnormal S 3 mp- 
toms developed. Her growth curve is shown in figure 5. 

Experimental calf E-Jfl, Male; dam received dry feedstuff s through- 
out gestation period. The ration of E-47 was identical to that of E-46 
except that no cod liver oil was given. The growth curve of E-47 is 
shown in figure 5. This shows that his rate of growth declined rapidly 
when about 120 days old until at 190 days he was actually losing in 
weight. At this time he wras emaciated in appearance, lacking in vital- 
ity and scouring. At 225 days he reacted to the tuberculin test. He 
continued to decline so that at 230 days he was at the point of death, 
so cod liver oil was given as a source of vitamin A. Improvement in 
vitality and in the condition of the fecal matter was soon noticeable 
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and while lie declined further in weight this was soon checked and when 
taken of! experiment at 345 days of age he was gaining at a stipernormal 
rate for that age and was fairly thrifty in appearance. Post-mortem 
examination showed calcified glandular tuberculosis, chronic peritonitis 
and chronic pleurisy. Indications were that the calf had been in a more 
severe state of infection and was gradually recovering. 



Fig. 5. Geowth by Weight of Expeeimextae Calves E-38 and E-47 and 

CoNTEOL Calf E-46 


This chart shows that calves E-38 and E-46 were above normal when taken off 
experiment. Neither of these calves developed symptoms of deficiency through- 
out the experiment. On the other hand calf E-47 stopped growing at about 180 
days and was soon declining in weight. He was near death when cod liver oil 
feeding began. He slowly recovered and when taken off experiment at the age of 
345 days he was growing at a supernormal rate. 

Control calf E-S6, Male ; identical twin with E-57 ; among other feeds 
his dam received pasture throughout practically the entire gestation 
period. Twenty cubic centimeter of cod liver oil was added to the 
ration daily beginning with the 33rd day. E-56 showed no abnormal 
symptoms whatever during the 268 days on experiment. His growth 
curve compared to the normal and to that of E-57 is shown in figure 8. 

Experimental calf E-57. Identical twin with control calf lr56. 




Fig. 6 

Rats 29j SO, SI, 32 and 34, littermates, were placed on the basal ration at the age 
of 29 days. Rats 39 and 40 were started at 31 days of age. One gram of the liver of 
calf E-3S was given to each rat daily when growth had practically ceased and 
xerophthalmia had developed. In the case of every rat the xerophthalmia was 
healed and, except in case of rat 29, growth was resumed. Rat 29 had a bad 
respiratory infection when the liver supplement was given and did not recover. 
Eat 31 showed no symptoms of vitamin A deficiency at death. Death was 
probably due to the fact that a portion of liver that had been kept in a small ice 
box refrigerator had been fed for a few days. The results show that the liver of 
calf E-38 contained vitamin A. 


scours coEtinued irregularly until at 107 days he was scouring profusely 

and Ms eyes were running considerably. His growth curve is given in 









e6le of vitamin a in nxjtbition of calves 


131 


figure 8. This shows that he started to decline in rate of growth at 
about 75 days and continued to decline until his death at the age of 
123 days. The results show that E-57 was unable to grow and ward off 
infections in the absence of vitamin A whereas his twin brother on the 
control ration grew normally. 

Experimental calf E-63. Male; his dam received a ration of alfalfa 
hay, corn silage and a grain mixture for the first three months of the 
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Fig. 7 

The four rats used in the dried beet pulp test represented three litters. Eat 11 
developed xerophthalmia before the change to the experimental ration and rats 
25 and 27 after the change. Eat 19 did not recover from a respiratory disturbance 
after the change of ration. The average weekly food consumption was 57 grams 
and 45 grams of the basal and experimental rations, respectively. The results 
show quite conclusively that dried beet pulp is lacking in vitamin A. 

gestation period, then pasture and corn silage for two months, pasture 
only for the following two months and alfalfa hay, corn silage, and a 
grain mixture for the two months before calving. Calf E-63 was un- 
thrifty and scouring at two months of age, but as figure 8 shows, he 
grew at a subnormal rate until about 90 days of age when he was very 
weak, lacking in vitality and scouring* At the age of 100 days he 
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went down and would not attempt to arise or stand when put on his 
feet. His condition did not improve so cod liver oil was added to his 
ration as a source of vitamin A on the 102nd day. Improvement in 
the condition of scours, appetite and vitality was almost immediate. 



Fig. 8. Geowth bt Weight op Control Calf E-56 and Experimental Calves 

E*57 AND E~63 


Calves E-56 and E-57 were identical twins. E-56, being a control animal was 
given 20 cc. of cod liver oil daily in addition to the experimental ration. This calf 
completed an experimental period of 268 days without showing any abnormal 
symptoms whatever. On the other hand E-57 died at the age of 130 days showing 
symptoms of vitamin A deficiency. Calf E-63 received an identical ration to that 
of calf E-57. At the age of 100 days E-63 was unable to arise and showed symptoms 
of vitamin A deficiency. Cod liver oil was given as a source of vitamin A and as a 
result he showed gradual improvement. 

He attempted to arise in about ten days, but it was not until the 
153rd day that he could get up on all four feet and even then he could 
not entirely straighten up on his rear legs. As seen in figure 8, E-63 
slowly gained in weight after cod liver oil feeding began. The condition 
of his rear legs did not improve when placed on a normal calf ration. 
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Postmortem examination showed that the femur of one leg had been 
broken in two and had partly grown together after the ends had slipped 
by each other. 

Experimental calf E-6^. Male; one of a pair of ordinary twinSj E-65y 
a female being the other; his dam received the same ration as the dam 



Fig. 9. Gkowth by Weight of Contboe Calf E-65 and Expebtmental Calves 

E~64: AND E--66. 

Calves E-64 and E-66 received a vitamin A deficient ration of oxidized skimmiik 
powder, white corn meal, dried beet pulp, calcium carbonate, and calcium phos- 
phate. Calf E-65, a twin with calf E-64, received the same ration with the addi- 
tion of cod liver oil as a source of vitamin A. E-65 showed no abnormal symptoms 
whatever throughout the experimental period of 183 days. On the other hand calf 
E-66 died at the age of 139 days and calf E-64 was killed when near death at the age 
of 183 days. Both of these calves developed xerophthalmia, became blind, ran at 
the nose, were affected with a chronic condition of scours, and, on post-mortem 
examination, showed pneumonia, oedema and intestinal atrophy. The results 
conclusively show that calves require vitamin Ain the ration. 

of E-63. The growth by weight curve of E-64 is shown in figure 9. 
At 100 days he did not show the thrifty appearance of his sister on the 
control ration. At about the 120th day his eyes began to water and 
strings of mucous were running from his nose. From the 125th day 
on he declined in weight. At the age of 150 days a pusfike discharge 
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Fig. 10 

The six rats used in the above tests were Httermates. Bat 40, given’E-38 liver, 
was also from this litter. All of the rats had developed xerophthalmia and prac- 
tically ceased growing before the liver of calf E-66 was given. This calf died of 
vitamin A deficiency. In no case did 1 gram of this calf’s liver heal xerophthalmia 
or cause a permanent resumption of growth. Two of the rats died. Of the other 
louTj three were changed to liver from calf E-64, which calf was killed when near 
death due to vitamin A deficiency, and the fourth, rat 39, was given liver from 
calf E-38. The rats given E-64 liver did not recover and soon died, whereas rat 39 
recovered from xerophthalmia in five days and resumed growth thus corroborating 
the results shown in figure 6. The results show that vitamin A was practically 
absent in the livers of calves E-66 and E-64. 


was miming from Ms eyes and nose, Ms feces were very thin and Ms 
breatMng was interspersed with coughs. Plate 1 shows the marked 
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contrast in E-64 and liis sister at the age of 177 days. At 180 days he 
was completely blind and xerosis of the eyes was setting in. Long 
strings of whitish niucous were hanging from his nose. As the calf 
was in such a misera])le state that he would undoubtedly die soon, he 
was killed on the 183rd day. Growth of the skeleton was totally in- 
hibited during the last twenty da^^s of experiment. Post-mortem ex- 
amination showed pneumonia, edema of the kidneys, atrophy of the 
intestines, necrosis of the rumen and sclerosis of the liver. The liver 



PLATE 1 

Experimental Calb’ E-64 (Left in Picture) and Control Calf E-65 (Twins) 
Age, 177 days. 

Weight of E-64, ISl pounds (52 per cent normal). 

Weight of E-65, 31S pounds (93. 1 per cent normal). 

Height of E-64, 90.5 cm. (90.2 per cent normal). 

Height of E-65, 97,6 cm. (97 per cent normal). 

This picture shows the marked contrast in the size and condition of the twin 
calves E-64 and E-65 due to the fact that E-64 was on a vitamin A deficient diet, 
whereas E-65 received the same ration plus, cod liver oil as a source of vitamin A. 
E-64 was totally blind when the above picture was taken, and xerosis of the eyes 
was starting. 

of E-64 was tested for vitamin A storage by feeding to rats with the 
results shown in figure 10. One gram dail}’" supplements of the fresh 
liver did not renew growth or heal xerophthalmia in young rats as did 
the liver of E-38 as shown in figure 6. 

Conirol calf E-6o, Freemartin with experimental calf E-64; E-65 
w^as given a ration identical to that of E-64 and E-66 except that she 
received in addition 20 cc. of cod liver oil daily as a source of vitamin A. 
E-65 grew at a normal rate and showud no abnormal symptoms through- 
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out the experimental period. At three months of age there was a 
marked contrast in the appearance and vitality of E-65 and experimental 
calves E-63, E-64 and E-66. As shown in figure 9 E-65 had passed the 
experimental animals in weight at the age of 133 days even though she 
was considerably the smallest at birth. Plate 1 previously referred to, 
shows the contrast in E-64 and E-65 at 177 days. E-65 was taken off 
the experiment on the 183rd day when E-64 was killed. 

Experiment calf E-66. Female; her dam receded a ration similar to 
that of the dam of E-63. The growth by weight curve of E-66 is shown 
in figure 9. She was scouring on the 46th day. She stopped growing 
in weight at SO daj’s and 106 days her eyes and nose were starting to 
run. Her eyes became matterated and she was totally blind on the 
139th day. She was very weak and scoui'ing profusely. She died on 
the 140th day. Post-mortem examination showed pneumonia, nephri- 
tis, intestinal atrophy and changes in the rumen. As shown in figure 1 0, 
rat feeding tests failed to demonstrate any vitamin A in the liver of 
E-60. 


DISCUSSION OF RESULTS 

Vitamin A is shown to be an indispensable factor in the diet 
of calves. The characteristic sjuiiptonis of vitamin A deficiency 
occur in calves as they do in other species of animals. The 
practical significance of the results are hard to estimate. The 
three calves which showed unmistakable sjmiptoms of vitamin A 
deficiency received rations quite low in vitamin A. Two calves 
receh'hig the same ration with cod liver oil added showed no 
abnormal sxmiptoms whatever. No attempt ivas made to de- 
tennme the amount of cod liver oil that would just protect the 
calves from showing symptoms of a deficiency. However, with 
the two cah'es in question, a daily consumption of about 20 cc. 
of cod liver oil which represented about 0.8 per cent by weight 
of the ration was sufficient for protection. 

One calf consuming wheat straw as 40 per cent of the ration 
as the only source of ffitamin A was able to make normal growth. 
Another calf on the same ration, but consuming less wheat straw- 
developed simptoms of mtamin A deficiency. How-ever, since 
the dam was stall-fed, the latter calf undoubtedly had a smaller 
vitamin A storage at birth than the other calf, whose dam received 
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pasture for the greater part of the gestation period. The vit a, min 
A storage at birth is probably an important factor ta the success- 
ful raising of calves. 

It is a question whether ordinarily there is much danger of a 
deficiency approaching disaster in the rations of grovfing cattle. 
Calves are usually given whole milk and sMmmilk until several 
months of age, and if they receive a roughage containing vitamin 
A in addition, there would seem to be an adequate supply of the 
factor. On the other hand, in areas where whole milk is sold 
and calves are raised on milk substitutes the chance of a vitamin 
A deficiency might be considerable. The danger would be aug- 
mented if the dams were stall-fed and consuming only dry feed- 
stuffs. This somewhat artificial method of feeding and handling 
cattle is becoming more common. 

While calves probably would seldom show symptoms of vit- 
amin A deficiency such as xerophthalmia and running of the nose, 
there is every reason to believe that some of the earlier symptoms 
such as poor growth and a chronic condition of scours might 
exhibit themselves in the case of some calf rations. In this con- 
nection we might refer again to the work of Cramer (11) who be- 
lieves that vitamins exert a positive action similar to that of 
hormones, for, when added to the diet of rats that had never 
suffered from any dietetic deficiency, they produced a stimulating 
effect on the processes of food adsorption from the intestines and 
growth. Also Sherman and Campbell (31) have concluded from 
their work with various proportions of milk in the diet that 
“evidently there is not only a line to be drawn, but a wide zone 
to be explored between adequate and optimum nutrition.” 

In the investigation reported in this paper it was found that 
calves suffering from vitamin A deficiency improved almost im- 
mediately when cod liver oil was given as a source of the vitamin. 
Especially was this improvement noted in the appetite, in the 
condition of the fecal matter, in vitality, and in growth. It is 
possible that many calves showing some of these sjunptoms might 
be benefited by the addition of a source of vitamin A, such as cod 
liver oil, to the ration. A supply of vitamin A approaching the 
“optimum” of Sherman and Campbell (31) would undoubt^y 
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aid calves in securing their maximum growth on the food con- 
sumed, and in preventing infections. 

CONCLUSIONS 

1. The experimental results with 9 calves show that vitamin A 
is an indispensable factor in the diet of calves. 

2. The characteristic symptoms of vitamin A deficiency in 
other species of animals, including failure to grow, xerophthalmia, 
respiratory troubles, diarrhea and death, occur in herbivora, as 
represented by calves. 

3. Cod fiver oil feeding causes a resumption of growth and a 
disappearance of abnormal symptoms in calves declining on a 
vitamin A deficient ration. 

4. Less than 1 per cent of cod fiver oil in a ration otherwise 
practically free of -vitainin A allows calves to grow normally. 

5. Vitamin A is present in large amounts in the liver of calves 
fed normal rations but is absent from the liver of calves fed 
vitamin A deficient diets. 

6. Wheat straw is a good source of vitamin A for ruminants. 

7. White corn (Rustler White variety) and dried beet pulp are 
practically free of vitamin A. 

8. Dried beet pulp can be used as a roughage for growing calves 
pro\dded they receive adequate vitamin A in the other con- 
stituents of the ration. 

9. Skimmilk powder oxidized by exposure to fight and air 
until it becomes tallowy, is practically free of vitamin A, 
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SWEETENED CONDENSED MILK 


IV. A REFEACTOMETRIC METHOD FOR DETERMINING TOTAL 

SOLIDS* 

FRANK E. RICEi 

North Carolina State College, Raleigh, North Carolina 

AND 

JACK MISCALL 

Cornell University, Ithaca, New York 

For many years the various types of refractometers have been 
extensively used in chemical analysis. These instruments have 
been so simphfied and standardized that they have proved 
extremely convenient for many purposes. 

The determination of the quantity of substance in solution 
is one of the most important forms of analysis to which refrac- 
tive principles have been apphed, refractive index increasing 
regularly with the percentage composition of the solution: 
Estimation of the quantity of alcohol in solution is perhaps the 
most familiar example. Reagents may be standardized with a 
fair degree of accuracy by the use of refractometric tables. 
Since the dry matter in milk serum is quite constant for normal 
milk, refractive index of the serum furnishes data from which 
conclusions can be drawn as to whether or not the milk has 
been watered. The refractometer has found wide employment 
in estimating the amount of sucrose in solution in sugar house 
work. The use of this instrument for the determination of dry 
matter in Jams, jellies and marmalades (1) and in honey (2) has 
recently been recommended. 

These are for the most part cases of true solutions. In a prod- 
uct such as condensed milk we have to do partly with true 
solution, but also with substances in coEoidal solution, and, in 
mere suspension (fat). If, therefore, refraction is to be a meas- 

* Received for publication September 29, 1925. 

1 Work here recorded was done when the senior author was on the staff at 
Cornell University. 


140 



SWEETENED CONDENSED MILK 


141 


ure of dry matter in sucli a case, it is necessary that the refrac- 
tive index of liquids be affected in a regular manner by substances 
in colloidal solution and in suspension, as well as by those in 
true solution. Sufficient evidence is at band for the validity of 
the b 3 q)otbesis as appbed to colloids: Wintgen (3) demonstrated 
a regular increase in refractive index with increase in concen- 
tration of colloidal AS 2 S 3 , SbaSs, silicic acid, molybdic acid, 
FefOHla and tannin; while Eeiss (4), Eobertson (5) and others 
have given ample evidence of the possibility of determining the 
quantity of protein present in colloidal solution by means of 
refractive index. 

Probably no one has ever claimed that a suspended substance, 
such as fat, might behave similarly, yet there is reason to pre- 
dict that such would be the case; for it is well known that re- 
fractive index depends only on the size and number of mole- 
cules in the path of light, and is independent of the state of 
aggregation. Of course, there must be some limit; the sus- 
pended substance must be reasonably well divided. As will 
later be shown, the fat of condensed milk behaves in the manner 
predicted. 

EXPERIMENTAL ■ 

A refractometer of the Abbe type was used. The adjust- 
ment was tested from time to time with pure water which should 
read 1.3330 at 20°C. Eeadings were always made at 20°, the 
temperature of the prisms being controlled by circulating water, 
and it was found best to have the sample at about that tempera- 
ture before introducing the drops into the instrument. 

Samples of condensed milk were obtained from the market, 
and also through the kindness of the Nestles Food Company, 
fresh from a vacuum pan in operation in the factory. All 
samples more than a few hours old were heated to get the lac- 
tose into solution; the following experiment shows the necessity 
for this: 

A sample taken from the vacuum pan just at the finish of a 
batch was observed at intervals for several hours, making re- 
fractive index readings and noting the appearance undw the 
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microscope. For the first few hours the refractive index remained 
constant, even after small crystals of lactose had appeared. 
However, after standing over night the refractive index had 
dropped from 1.4742 to 1.4732 at which time the lactose had 
crystallized to a considerable degree. But upon heating until 
all crystals had dissolved the refractive index went back to 
1.4742. :■ 

Total solids were determined in most cases by the A. 0. A. C. 
method, using igrdted sea sand for drying residues; in some cases 
the determination was made on the Mojonnier machine. 


TABLE i 


SAMPLE NU.MBEE 

PER CENT TOTAL SOLIDS 

REFRACTIVE INDEX 

AT 20‘=’C. 

(1) 

(2) 

1 

70.55 

70.53 

1.4G78 

2 

72.27 

72.28 

1.4710 

3 

72.39 

72.42 

1.4700 

4 

73.22 

73.18 

1.4729 

5 

73.3S 

73.34 

1.4730 

6 1 

74.11 

74.13 

1.4751 

7 ' 

74.13 

74.13 

1.4751 

8 

74.16 

74.10 

1.4757 

9 

74.37 

74.37 

1.4759 

10 

74.38 

74.37 

1.4759 


CONDENSED mLK WITH 8 PER CENT PAT 

As will be shown later, the percentage of fat considerably 
influences the relation between solids and refractive index, 
while the other main variable constituent — sugar — has prac- 
tically no such effect. 

Ten samples of 8 per cent milk of various brands were ob- 
tained from the market. Probably none was less than a month 
old. Duplicate determinations of total solids by the A. 0. A. C. 
method, and the refractive indices are recorded in table 1. 

Extraordinary care was taken in making determinations both 
for total solids and refractive index; in many cases two or more 
operators checked the results. 

While other data were accumulated wholly in line with these 
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results, these alone were used in the calculations, and others 
will not be given. 

By applyiug the method of the least squares to these data 
the following formula was derived; 

r = 70 + 444 (« - 1.4658) 

By means of this formula total solids (T) of any sample can be 
calculated when the refractive index at 20°C. (n) is known. 


TABLE 2 

For estimating from the refractive index the total solids in condensed whole milk 

with 8 per cent fat 


EEFBACTIVE INDEX AT 20“C. 

PER CENT TOTAL SOLIDS 

1.4600 

67.42 

1.4610 

67.87 

1.4620 

68.31 

1.4630 

68.75 

1.4640 

69.19 

1.4650 

69.64 

1.4660 

70.08 

1.4670 

70.52 

1.4680 

70.96 

1.4690 

71.41 

1.4700 

71.86 

1.4710 

72.31 

1.4720 

72.75 

1.4730 

73.19 

1.4740 

73.63 

1.4750 

74.08 

1.4760 

74.52 

1.4770 

74.96 

1.4780 

75.41 

1.4790 

75.86 


Also by the use of this formula a table was prepared by means 
of which the per cent of total solids may be read off when the 
refractive index is known (table 2). This should prove more 
convenient than the formula for regular use. 

On several occasions access was had to a condensed nulk 
factory while the condensing pans were in operation. Samples 
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were taken immediately after striking the batch and in some 
cases samples were drawn from the pan at intervals before the 
batch was finished. Total solids were run on a Mojonnier 
machine in the factory without checking the results. In table 3 
wiU be found the refractive indices at 20°, total solids obtained 
therefrom applying the table, and also the total solids determined 
gravimetrically. Considering the fact that the determination of 
solids in sweetened condensed milk by any gravimetric method 
is a most difficult operation with great possibility of error, the 
comparisons obtained here are quite remarkable. 


TABLE 3 


BATCH 

BEFBACTIYE 

INDEX 

AT 20°C. 

PER CENT i 

TOTAL solids: ; 
BEFBACTOM- | 
ETER AND 
TABLE 

PEE CENT 
TOTAL acids: 
MOJONNIEE 

A (finish.) 

1.4749 

74.04 

74.08 

B ll)....* 

1.4674 

70.60 

70.93 

B (finish) 

1.4706 

72.13 

72.18 

C (1).,.. 

1.4713 

72.44 

72.80 

C (finish) 

1.4731 

73.23 

73.58 

D (1) 

1.4611 

67.91 

67.95 

D (2) 

1.4649 

: 69.60 

i 69.43 

D (3) 

! 1.4676 

i 70.78 

70.76 

T) (4) 

1.46S8 

1 71.31 

72.84 

71.52 

D (5) 

1.4722 

72,41 

D (finish) 

1.4735 

1 73.41 

73.63 



SWEETENED CONDENSED SKIM MILK 

As would be expected when a certain percentage of any one 
constituent is lowered and that of others correspondingly in- 
creased, and where the refractive powers of the interchanged 
constituents are different, then a different sohds-refractive index 
relation would be expected. 

A number of samples of skimmilk were procured. The fat 
content was not determined but it is entirely likely that some 
was present, and the amount variable. This may account for 
the slight discrepancy in some of the data. The total solids 
was determined by the A. 0. A. C. method, also the refractive 
index at 20°C. The results axe given in table 4. 
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TABLE 4 


SAMPLE NUMBER 

PER CENT TOTAL SOLIDS 

BEPRACTIYB INDEX 

AT 20"C. 

(1) 

(2) 

1 

70.97 

71.05 

1,4723 

2 

71.26 

71.32 

1.4720 

3 

71.30 

71.35 

1.4735 

4 

71.96 

71.91 

1.4747 

5 

72.16 

72.08 

1.4754 

6 

72.21 

72.21 

; 1-4757 

7 

72.30 

72.39 

1.4762 

8 

72.35 

72.33 

1.4750 

9 

72.44 

72.44 

1.4777 

10 

72.64 

72.82 

1.4767 

11 

73.78 

73.78 

1.4792 

12 

73.82 

73.80 

1.4787 


TABLES 

For estimating from the refractive index the total solids in sMmmilh 


EEFBACnVB INDEX AT 20“C. 

PER CENT TOTAL SOLIDS 

1.4680 

69.29 

1.4690 

69.69 

1.4700 

i 70.08 

1,4710 

70.47 

1,4720 

70.86 

1,4730 

71.26 

1.4740 

71.65 

1.4750 

72.04 

1.4760 

72.43 

1.4770 

72.83 

1.4780 

73.22 

1.4790 

73.61 

1.4800 

74.00 

1.4810 

74.40 

1.4820 

74.79 

1.4830 

75,19 


Upon resolving these results into a formula by the method of 
the least squares, the following is obtained; 

T = 70+ 393 (« - 1 . 4698 ) 

As in the case of whole milk this provides a mean® for deter* 
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mining total solids from the refractive index of condensed skim- 
milk and also for the preparation of table 6. 

Since the curves for both whole and skimmilk are almost 
exactly straight lines the tables can be extended by interpolation 
without error. 

FUNDAMENTAL BASIS FOE THE EELATION BETWEEN TOTAL 
SOLIDS AND EEPEACTIVE INDEX 

It seemed desirable to learn whether or not the relationships 
herein established are based on sound theoretical principles. 
If it could be so proved then there would be entire justification 
for claiming that these formulas and tables will hold under all 
conditions. 

Refraction is an additive property. Much data have been 
presented in the literature to show’’ that the refractive power of 
a solution is equal to the sum of the refractive powers of its 
constituents. Of course, any changes in voliune occurring 
when one substance is dissolved in another must be taken into 
account. This is done by introducing a factor for density. 
The formula generally used for comparing refractive powers is 

- 1 

{n? + 2}d 

where n is the refractive index of the substance and d the 
density. This gives a refractive constant which is independent 
of the ph^Bical state of the substance, and of the temperature. 
If solute is dissolved in solvent B then 


Tfi - 1 
(n- -r 2)d 


(of A) X %A -1- 


— 1 
+ 2}d 


(of B) X %B = 


- 1 

(n^ + 2)d 


of the solution. This has been found to hold in any number of 
instances. 

By making a complete analysis of condensed milk and ob- 
taining the refractive constant of each constituent, it should be 
possible to determine whether or not the principle holds in tb-ia 
case. 

The refractive constants of some of the milk constituents 
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can be found in the literature, others cannot: Water is given in 
many places as 0.20606; this is the figure used in this work. 
Sucrose is given by Browne (6) as 0.20614. Wiegner (7) ob- 
tained 0.1377 for the ash of milk. No value could be found 
for fat, but by taking the average of a large number of deter- 
minations made by others of refractive index and of density of 
milk fat a refractive constant of 0.2868 was obtained. Robert- 
son (8) gives 1.675 as the refractive index of casein in solution, 
and 1.39 as the density. These figures give a refractive constant 
of 0.2703. The refractive index of solutions of albumin of various 
strengths was obtained from the work of Reiss and Robertson, 
and the densities from Chick and Martin (9) and from the Chem- 
ists’ Year Book (Atack) ; with these figures an average refractive 
constant of 0.2494 was calculated. 

No satisfactory figures could be found for lactose so that the 
determination was made experimentally: Several solutions of 
pure lactose were prepared, the refractive index determined to 
the fifth decimal place by means of a dipping refraetometer and 
density with an accurate picnometer. The refractive constant 
of anhydrous lactose was found to be 0.20814. 

A sample of condensed whole milk and one of skim were 
analyzed for sucrose, lactose, casein, albumin, fat, ash and 
moisture. The usual methods of analysis were followed ex- 
cept that albumin and casein had to be calculatd from the total 
protein since there is no way of separating heat coagulated 
albumin from casein; after determining total protein, 20 per 
cent was taken as albumin and 80 per cent as casein. Although 
the value for moisture was taken as the difference between the 
sum of the other constituents and 100 per cent, the figures were 
quite close to those obtained by direct determination. 

Table 6 gives for one sample of whole milk the percentage of 
each constituent, the refractive constant of each, and the value 
obtained by multiplying these two together. The sum of the 
last named values is seen to be 0.2165 (a calculated refractive 
constant for the sample). The refractive constant was deter- 
mined also from the refractive index of the sample of condensed 
milk (1.4750), and the density (1.3050), which were found by 
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experiment. These values give a refractive constant of 0.2168 
These results compare favorably, being well within the limits 
of error, since the refractive constants employed for some of the 
constituents may be in slight error, and the method of deter- 
mining albumin and casein is by no means unobjectionable. 
Als o no account is taken of some of the constituents that must 
be present, such as citric acid. 


TABLE 6 


COKSTirtrENT ! 

PER CENT 

iP) 

RBFEACTIVE i 
CONSTANT 

{K) 

PXK 

Water 

26,56 i 

0.20606 

0.054729 

Sucrose 

45. 1 

0.20614 

0.092969 

Lactose (anhydrous) 

11.4 

0.20814 

0.023727 

Casein 

6.04 

0.2703 

0.016326 

Albumin 

1.50 

0.2494 

0.003741 

Fat 

8.09 

0.2868 

^ 0.023202 

Ash 

1.31 

0.1377 

0.001803 


Sum 

0.216497 



TABLE 7 


CONSTITUENT 

PBK CENT i 

iP) 

kefractitb 

constant 

(K) 

i 

1 PXK 

Water 

27.82 

0.20606 

0.057326 

Sucrose 

‘ 45.70 

0.20614 

0.094206 

Lactose 

14,30 

0.20814 

0.029764 

Casein 

i 6.67 

0.2703 

0.018029 

Albumin 

^ 2.25 

0.2494 

0.005612 

Fat 

1.26 

0.2868 

0,003613 

Ash 

2.08 

0,1377 

0.002864 

Sum 

0.211414 



In exactly the same way a sample of condensed skimmilk 
was carried through. Table 7 gives the results. 

Refractive index of this sample was found to be 1.4777 and 
the density 1.347. This gives 0.2100 for the experimental 
refractive constant, which again compares favorably with the 
figure 0.2114 obtained by calculation. All the sources of error 
mentioned when considering whole milk are likely to be found 
here also. 
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This section of the work shows that the refractive power of 
condensed milk follows the general law of true solutions. It 
must, therefore, be concluded that the estimation of total solids 
from refractive index readings is founded on scientific principles. 

The fact that the fat contributes its share to the refractive 
power of the condensed milk in exactly the same way as do the 
constituents in true and colloidal solution, shows, indeed, that 
the state of aggregation of the molecules does not influence the 
additive principle. 

It should be pointed out at this point, however, that difficulty 
may be experienced in applying this theory inmany cases. Un- 
less the refractive index of the suspended substance is very near 
that of the suspending medium there may be such a dispersion 
of light that the shadow edge in the refractometer is diffused so 
as to make it impossible to get a satisfactory reading. For- 
tunately the conditions necessary for obtahung a good reading 
are fulfilled in sweetened condensed milk. But with evaporated 
milk, whole nulk and ice cream mixes, it is otherwise; it is not 
possible with any degree of accuracy to read any of these prod- 
ucts for the reasons stated. A method such as is here worked 
out for condensed milk cannot be devised for these other milk 
products. 

As has been pointed out, when lactose crystals are very small, 
the true refractive index may still be obtained; it is only when 
the crystals have grown to their usual maximum size that a 
low reading results. Apparently, therefore, there is a limit 
beyond which there may be an error due to the large size of 
the fat globules. Of the many samples of condensed milk 
examined in this work there was no suspicion of error in any one 
from this cause; but it is possible that through fat separation, 
for instance, the globules may become so agglomerated as to 
cause an incorrect reading. 

As has already been suggested, it is important that the per- 
centage of fat in the sample be known within fairly close limits, 
while a variation in the sugar content is practically without 
influence. By referring to table 6 it will be seen why this ie 
the case. The refractive constant of sucrose is very doee to 
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that of the condensed milk itself while that of fat is far away. 
A variation in the standardization for sugar within several 
per cent would not alter the relation between solids and refrac- 
tive index as much as a considerably smaller variation in fat. 
It is recommended, therefore, that if there be 9 per cent, or 
more, fat, such as is often found in condensed milk manufactured 
in Europe, a new formula and tables be worked out. 

PROCEDURE FOB THE ESTIMATION OP TOTAL SOLIDS IN 
SWEETENED CONDENSED MILK WITH AN ABBE 
BEFRACTOMETEE 

If the specimen has been undisturbed for some time, some of 
the crystallized lactose will have collected at the bottom. In 
this case, warm by placing the container in hot water, then 
transfer the entire contents to a mortar and mix well. 

Place a few cubic centimeters in a thick walled test tube. 
Heat by immersing in boiling water until no more lactose crys- 
tals are observed under the microscope. During this operation 
it is important that the test tube be kept stoppered to prevent 
evaporation, but the stopper may be removed for an instant 
from time to time to release the pressure. (The needle-like 
crystals of calcium citrate may remain undissolved without 
affecting the results.) If the amount taken is not too large, 
and if the liquid is mixed frequently by inverting the tube, this 
operation should require five minutes. Cool to about 20°C. by 
immersion in cold water, then place tubes in a tempering bath 
held near that temperature for ten minutes. 

The temperature of the refractometer should be controlled 
at 20 °C. by circulating water. Examine two or three different 
drops in the instrument. The different readings should check 
exactly. 

If the sample is an 8 per cent fat product refer to table 2, if 
skim, use table 5, reading off the total solids from the refractive 
index. Interpolate where necessary. 

Where a specimen is drawn fresh from the vacuum pan, the 
preliminary treatment is unnecessary. Merely cool the sample 
to 20° and read. 
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SUMMARY AND CONCLUSIONS 

The successful use of the refractometer in estimating the dry 
matter in various liquids led to the conclusion that a process 
might be worked out for sweetened condensed milk. 

The refractive indices of a number of samples of condensed 
milk with 8 per cent fat were determined, and also careful anal- 
yses made for total solids, gravimetrically. From these re- 
sults a formula was derived by means of which the total solids 
in any sample can be determined from the refractive index. 
By employing this formula a table was prepared to be used for 
a similar purpose. 

Refractometric readings were made on a large number of 
samples taken directly from the vacuum pan, and from these, 
figures the total solids was read off on the table. Total solids 
was also determined on the Mojonnier machine. The com- 
parisons were foimd to be excellent considering the liability 
of error which is large in the gravimetric determination of total 
solids. 

From results obtained on a number of samples of condensed 
skimmilk a formula and table were worked out in the same way 
and for the same purpose as with whole milk. 

The refractive constant of condensed milk is shown to be 
equal to the sum of the products obtained by multiplying the 
refractive constant of each constituent by its percentage. This 
is the fulfillment of a law which holds generally for true and 
colloidal solutions, and is proof that the solids-refractive index 
relation applied to condensed milk is scientific and dependable. 

The fact that the fat of condensed milk behaves in this re- 
spect as do those substances in true and colloidal solution leads 
to the conclusion that an agglomeration of molecules in masses 
even beyond the colloidal size influences the refractive index 
of a liquid exactly as if the molecules were dispersed in true 
solution. Necessary conditions, however, are that the sus- 
pended particles be not too enormous, and that the refractive 
index of the suspending medium be fairly near that of the sus- 
pended substance. 
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A formula or table giving the relation between refractive in- 
dex and total solids will hold even if the sucrose content should 
vary within wide limits, but the fat must not be far from the 
percentage for which the table and formula are prepared. 

Not only should the refractometric method prove useful in 
estimating total solids in sweetened condensed milk as a matter 
of laboratory routine, but it may be, and has been, used as a 
means of determining the finishing point of batches in the 
factory. Near the finish of the batch samples are drawn from 
the pan, cooled, and read off on the refractometer with such 
ease and speed that the proper point of striking is accurately 
determined. 
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GENETICS OF BREEDING BETTER DAIRY STOCK* 

JOHN W. GOWEN 

Biological Laboratory of the Maine Agricultural Experiment Station^ Orono^ Maine 

Better dairy stock suggests animals meeting the requirements 
of the breed association to which they may belong, free from 
physical defects, uniformly high in the production of milk and 
butter-fat, a conformation pleasing to the eye, and consistent in 
breeding performance. Genetic research has as one of its ob- 
jectives the analysis of the laws of inheritance governing these 
characters. There would seem to be httle doubt that such a 
genetic analysis will furnish the means by which the practical 
objective, better dairy stock, will be attained, as already we are 
indebted to the advances in this field for taking the gamble out of 
and making the results more consistent in breeding better varie- 
ties of many things.^ 

The most obvious application of elementary genetics to these 
problems is that offered by the requirement of the black breeds 
that animals to be registered in them shall be black in color and 
nothing else. Spillman (1), Van Damme (2), Wilson (3), Lloyd- 
Jones and Eward (4), Gowen (5), Cole and Jones (6) and Temple- 
ton (7) have presented evidence to show the dominance of black 
over red with the segregation of black from red in a three to one 
ratio in the second generation. Many of the black breeds have 
originated from crosses of black on red animals, with subsequent 
selection of the black animals. Under such conditions the red 
color may lie hidden in the germ cells of the black coated animals 
for many generations waiting for a mating which shall bring two 
reds together in the fertilized egg. This egg is then capable 
of giving rise to a red animal from purebred black parents, an 
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fl.niTnal which, however much it may be worth, cannot be 
registered. Cases of this sort are not only disappointments but 
serious economic losses. Our knowledge of genetics shows that 
both black parents are equally responsible for the production of 
the red animal. The parents’ germ cells, sperms or eggs, are in 
fact half of them carrying the red producing substance, thus 



The damage resulting to a herd from such a mating is difficult 
to remedy as the production and ultimate loss of the red calf is 
but the least of it. On the average one out of two of the offspring 
of such a black sire carrying red also carries the red factor. 
Such animals on being properly mated are also capable of having 
red offspring. An animal of this sort is consequently a menace 
to a herd. In view of this fact it is an open question if the bulls 
purchased or sold for breeding within the black breeds should not 
be tested to determine first whether or not these bulls are truly 
black in their breeding. Our present-day knowledge of inheri- 
tance shows that such a test may best be made by breeding the 
black bull to red cows — if any of the offspring are red the bull 
should be discarded as he would be known to carry the red factor. 

Several of the physical defects found in cattle are now known 
to be or there is good presumptive evidence that they are due to 
inherited factors. Such physical defects are congenital cataract 
(8), defective hair and teeth (9), notched ears (10), abnormal 
number of toes (11). The inheritance of these defects appears 
to be of the simple Mendehan type, the elimination of them from 
the breeding strain being easily possible with the knowledge of 
how they are inherited. 
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INHERITANCE OF MILK PRODUCTION 

The now clearly recognized differences which exist between 
the production of some of the breeds, all point to the conclusion 
that milk production is innate and hereditarily determined be- 
tween certain breeds. Such reasoning has led certain dairymen to 
make crosses between breeds in the attempt to combine the high 
milk production of one breed with high butter-fat percentage of 
another. It is now known that such crosses are based on false 
reasoning for while the first generation offspring will generally 
show higher production than the lower producing breed, it will 
not show any higher production than the high producing breeds. 
Furthermore, while the butter-fat percentage of the first genera- 
tion offspring will be higher than that of the low test breeds it is, 
in general, considerably lower than that of the high test breeds. 
These results lead to a total butter-fat production which is about 
equal or slightly more than the butter-fat yield of the two crossed 
breeds. Furthermore than this, we know that such crosses 
lead to second generation offspring which are extremely variable 
in production and in type. In other words, the dairyman has 
before him the prospect of years of selection before a stable type 
is reached with but doubtful results at the end as far as his 
object of combining high milk production with high butter-fat 
percentage is concerned. What the dairyman is interested in, 
therefore, is something more than crosses between breeds. He 
wants to know whether the differences observed in milk produc- 
tion between different individuals of the same breed are inherited. 
Should this be true, he may start with a fairly stable type and 
have to select and breed for but relatively few characters, thus 
making for a greatly increased chance of success. 

The general observation that milk yield differs between strains 
has indicated that at its foundation many of these differences in 
producing ability are also hereditary. But how and what are the 
hmitations? For plainly this is not a simple matter, for if it were 
none of our cows would produce less than 10,000 or 12,000 pounds 
of milk - The first step to be taken toward the improvement of 
dairy stock by breeding is then to find out the way in which the 
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variations or diEferences in producing ability behave in their 
inheritance. 

The problem^ of breeding better dairy stock is not so much to 
produce animals of higher production than those which we have 
today as it is to be able to reproduce the best of our present- 
day stock uniformly and at will. In other words, we wish to 
know what are the significant facts to be taken into consideration 
in breeding such stock and what items are of but trivial impor- 
tance. This problem is made doubly difficult by the fact that it is 
impossible to measure the character, milk production or butter- 
fat percentage, in the sire. It is, in fact, only possible to arrive 



Fig. 1. Relation between the Milk Peodvction op Full Sistebs on a Matubb 
Fobm Basis fob the Holstein-Friesian Advanced Registry Cows 

at a measure of the influence of the sire on the production of his 
offspring by indirect means. 

Full sisters have a common sire and common dam. Half sisters 
have either the sire or the dam in common. If the sire alone 
determines the production of his daughters the above facts would 
lead to the expectation that full sisters would resemble each other 
in their production; that half sisters with a common sire would 
resemble each other in production and to the same degree that 
full sisters are correlated; that half sisters with a common dam 

® For a more complete discussion of this important problem see Millr Secretion, 
The Williams & Wilkins Company, Baltimore. 
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would not resemble each other. If on the other hand, both the 
sire and dam determine the production of their daughters, the 
full sisters’ production would be fairly closely correlated; the half 
sisters’ productions correlated but to a less degree than the full 
sisters. The correlation between hah sisters should be of the 
same order of strength whether these hah sisters had a common 
sire or dam. If, as the last alternative, the dam determined 
the production of her daughters with the sire having no influence 
on production, the expected relations would be, full sisters’ produc- 
tion correlated; hah sisters’ productions where the sire was the 
common parent not correlated; hah sisters with a common dam 
correlated in their production to the same degree as the full 
sisters. The actual results derived from a comparison of the 
production of full and hah sisters for Holstein-Friesian cattle are 
shown in table 1. 


TABLE 1 

Correlation coefficients for the relation of the milk yields and hutier-fat percentages 
of sisters, Bolstein-Friesian Advanced Registry 



MTT.-g YIELD 

BTCTTBS-PAT 

percentaqe 

Full sisters 

0.55±0.03 

0.46d=0.03 

Half sisters (common sire) 

0.36±0>02 

0.37d=0.02 

Half sisters (common dam) 

0.38±0.03 > 

0.22±0.04 



The full sisters resemble each other more closely in their miUc 
yields or butter-fat percentages than the hah sisters. The hah 
sisters with a common sire or dam appear to resemble each other 
to about the same degree. The experimental facts thus accord 
with the hypothesis that the sire and dam are both responsible 
for the milk yields or butter-fat percentages of their daughters. 
This conclusion is also supported by similar evidence from Guern- 
sey cattle. The stringency of selection for animals entering the 
Guernsey Advanced Registry appears to have been greater than 
it was for those animals entering the Holstein-Friesian Advanced 
Registry. This selection is known to affect the correlation 
coefficient. The correlation coefficients for the Guernsey are 
consequently not directly comparable with those of the Holstein- 
Friesian breed but should in all probability be somewhat lowr^. 
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This differential effect should not materially influence the relative 
results between full sisters and haK sisters. The correlation 
coefficients describing these relations are given in table 2. 

Although the correlation coefficients are lower for the Guern- 
sey Advanced Registry cattle the full sisters stand in the same 
relation to the half sisters as that displayed in table 1. The 
full sisters resemble each other more closely in their milk yields 
and butter-fat percentages than the half sisters. The half 
sisters, on the other hand, have practically the same degree of 
resemblance. Thus, here again, there is agreement between 
experimental facts and the hypothesis that the sire and dam are 
both responsible for the milk yields and butter-fat percentages 
of their daughters. 

This conclusion is also borne out by such critical results 

TABLE 2 


Correlation coefficients for the relation of the milk yields and hutter-fai 'percentages 
of sisters, Guernsey Advanced Registry cattle 



MILK YIELD 

BUTTEE-FAT 

PERCENTAGE 

Full sisters 

0.41=fc.02 

0.44±.02 

Half sisters (common sire) 

0.13±.02 

0.17db.01 

Half sisters f^common dam) 

0.15±.02 

O.lOifc.Ol 



as those obtained from the wide crosses of animals of the high 
milking breeds with those of the low milking breeds, or of animals 
of the high butter-fat test with those of the low butter-fat tests. 
The results appear to be comparable, either way the cross is made, 
thus indicating an equal effect of the sire and dam on the produc- 
tion of the offspring. 

The relation which exists between the m i lk production or 
butter-fat percentage of full sisters as contrasted with that of 
half sisters shows that from a practical breeding standpoint, and 
as a means of guiding breeding operations, the milk yield or 
butter-fat percentage of one daughter should be considered very 
carefully in determining whether or not it is desirable to repeat 
this mating as such a repetition will tend to beget daughters of 
similar production. If the daughter is an undesirable cow from 
a production standpoint, it would appear as if it would be better 
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to change either the sire or dam, as by so doing the daughter’s 
production would probably be increased. 

The influence of the dam on the milk production of her 
daughters may be measured directly by comparing the produc- 
tions of the daughters with those of the dams. On making this 
comparison for Holstein-Friesian cattle, a correlation is found 
between the production of daughter and dam in milk yield or in 



Fig. 2. Eelation' between the Matttrb Form Prodtjction of Daughters 
AND Their Dams for Holstein-Fribsian Advanced Registry Cattle 


TABLE 3 

Correlation coefficients measuring the relation of daughters* and dams* milk yields 
and hutter-fat 'percentages^ Holstein^Friesian and Guernsey Advanced Registries 


BEEliD 

MILK YIELD 

BUTTEH-FAT 

PERCENTAGE 

Holstein-Friesian 

0.50±0.02 

0.41±0.02 

Guernsey 

0.36=t0.02 

0.42±:0.02 



butter-fat percentage. A similar, although lower, correlation 
is also found to exist between the productions of daughters and 
dams as found in the Guernsey Advanced Registry. These 
correlations are shown in table 3. 

Table 3 shows that there is a fairly close relation between the 
milk productions and butter-fat percentages of daughter and dam 
in either the Holstein-Friesian or Guernsey Advanced Registry 
cattle. This relationship is slightly less than that found between 
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full sisters and more than that found for half sisters. The 
production record of a dam is consequently of considerable sig- 
nificance in breeding and as a guide to breeding operations. 

The amount of influence that the sire exerts on the production 
of his daughters may be determined from the fact that for any 
given sire, his daughters must lie within one array or column of 
the correlation table. The relation of the variation in produc- 
tion found for such an array of daughters to the variation in 
production found for all daughters makes it possible to calculate 
the correlation coefficient between the production of the daughters 
and that of the sire, even though it is impossible to measure the 
sire’s production. When this calculation is completed the Hol- 
stein-Friesian sire has a correlation coefficient between the produc- 
tion of his daughters and what his might be of 0.52 for milk and 
0.53 for butter-fat percentage. These correlation coefficients are 
practically identical with those found in the same breed for the 
relation of the productions of daughter and dam. In view of 
these facts it is seen that on a quantitative basis the sire is equally 
important with the dam in determining their offspring’s milk 
production or butter-fat percentage. 

The influence of the ancestors further removed is of particular 
importance in view of the frequent difficulty of obtaining records 
on animals of the first generation. For the sire these records 
must be those of the progeny, for the dam the records may be 
either those of the progeny or her own records for production. 
Progeny records are of course extremely difficult to obtain unless 
the parents are quite old. 

The interrelation between the production of the granddams, 
maternal and paternal, with the production of their grand- 
daughters is shown in table 4. 

The data of table 4 show that there is a much closer relation 
between the production of the daughter and dam as contrasted 
with the relation which is found between the daughter and grand- 
dam w'hether the granddam is on the maternal or paternal side. 
This conclusion is supported by both the Guernsey and the Hol- 
stein-Friesian data. It is true for both milk 3deld and butter- 
fat percentage. The grandparents have about an equal relation 
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between their milk yields and those of their granddaughters or 
between their butter-fat percentages and those of their grand- 
daughters. In view of these facts it may be concluded that as a 
basis of constructive breeding, the dams’ records are at least 
twice as important as the granddams’ records and that the 
granddams’ records are of about equal importance in indicating 
the probable production of the daughter and granddaughter. 
In the Guernsey data it is obvious that milk production or butter- 
fat percentage are practically equally inherited from the grand- 
parent. In the Holstein-Friesian data the relation between the 
milk yields of the grandparents with those of the granddaughters 
is greater than that fmmd for the butter-fat percentages of these 


TABLE 4 

Relation of parents^ and grandparents’ performance records to those of their daughters 

and granddaughters 


BREED AND ANCESTOR 

MIBK YISSLD 

BUTTER-FAT 

PEECBNTAOE 

Guernsey: 

Dam ’ 

0.36±0.02 

0.16±0.01 

0.42±0.02 

0.15d=0.01 

Paternal granddam 

Maternal granddam 

0.20±0.02 

0.20±0.02 

Holstein-Friesian : 

Dam 

0.50d=0.02 

0.4id=0.02 

Paternal granddam 

0.26±0.04 

0.09±0.04 

Maternal granddam 

0.31±0.05 

0.19rt0.05 



same relatives. The differences are however not significant in 
view of their probable errors. These facts may be brought out 
very nicely by the use of graphical methods. Figure 3 shows the 
average milk yields of the daughters for fixed milk yields of the 
dam and granddam. 

Figure 3 shows that as the milk yield of the dam increases the 
milk yield of the daughters on the average also increases. This 
increase is more pronoimced than the increase found in the 
granddaughters’ milk production with a corresponding increase 
in the granddam’s milk production. On a numerical scale an 
increase of a thousand pounds in the dam’s milk production 
results on the average in a correspondin'g increase of S67 pounds 
in the daughters’ milk production. An increase of lOOOpoUmM 








PATiTBmL ePANDDAMS' MILK YIEL D 



Fig. 3. Aveeagb Milk Yields of Daughtebs ob Gbanddaxtghteks fob Dams 
OB Granddams in the Ggernsby Advanced Registry 
The upper graph shows the relation between the daughter and dam. The 
middle graph the relation between granddaughter and paternal granddam. The 
lower graph the relation between granddaughter and maternal granddam. Ex- 
amination of these graphs shows that for either type of ancestors an increase 
in the milk production results in an increased average production of their daugh- 
ters or granddaughters. Contrasting the average production of the daughters 
for an increase in the production of the dams as compared with an average pro- 
duction of the daughters for a like increase in the production of the granddam, 
it is found that a given increase in the dam^s production results in a much more 
marked average increase in the daughter's production, in fact nearly twice as 
great an increase in production as that found for granddam and granddaughter. 
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Fig. 4. Relation between the Btttter-pat Percentages op Bam or Gbanbbam 
ANB Their Daitghters or Gbanbdaxjqhtbes 
Tiiese figures are drawn by tlie same scale. The parents production is shown 
in the abscissae of the figure, the ordinates represent the average production 
of the daughters and granddaughters. The figure shows clearly t.hat there is a 
much greater relation between the dam^s and daughter's butter-fat pereent^e 
as contrasted with that of granddam and granddaughter. 
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of milk in the paternal granddam’s production results in an 
average increase for the daughters’ of IJi-S pounds. An increase 
of 1000 pounds for the maternal granddams’ results in an average 
increase of ^^4 pounds in the granddaughters’ milk production. 
Thus the dam’s influence on production is clearly much more 
marked than the influence of the grandparents. The grand- 
parents differ in their influence perhaps significantly although this 
appears doubtful. 

Figure 4 shows the same relation for the butter-fat percentages. 

Figure 4 show's that the dam’s butter-fat percentage predicts 
the daughters’ butter-fat percentage much more accurately than 
the granddam’s butter-fat test predicts that of the grand- 
daughters. On a numerical scale it is found that for an increase 
of 1 per cent in the dam’s butter-fat percentage there is a 


TABia: 5 

Cotrelaiion coefficients between the milk yields and butter-fat percentages of cousins^ 

Holsiein-Friesian breed 


COMMON QEAJ!?DPABENT 

MILK YIELD 

BUTTEK-FAT 

PEECENTAOB 

Paternal grandsire 

O.OlztO.03 

0.12±0.03 

Paternal granddam 

0.17d:0.05 

0.21±0.04: 

Maternal grandsire 

0.21±0.02 

0.22zfc0.02 

Maternal granddam 

0.23±0.04 

0.24=t0.04 



corresponding increase of O.4S per cent in the daughters’ butter" 
fat percentage. For an increase of 1 per cent in the paternal 
granddam’s butter-fat percentage there is a corresponding average 
increase in the daughters’ butter-fat percentage of 0.16 per cent. 
For an increase of 1 per cent in the maternal granddam’s 
butter-fat percentage the increase in the daughters’ butter-fat 
percentage is 0.20 per cent. The parents exert about twice the 
influence on the offspring’s production as is exerted by the 
grandparents. 

Among the ancestral combinations used in dairy cattle breed- 
ing is that of cousins. The importance of this combination comes 
from the habit of giving a good deal of weight to production 
records of a brother’s daughters in selecting a bull for a herd 
sire. The daughters of such a bull would, of course, be cousins 
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to the daughters of his brother. The study of this problem 
shows that there is a small degree of relationship between the 
production, either in mUk yield or butter-fat percentage of such 
cousins. The results for the Holstein-Friesian breed are shown 
in table 5. 

Table 5 shows that there is a small degree of relationship 
between the production of cousins. This relationship is less for 
cousins with a common paternal grandsire than for those with 
other common grandparents. The difference is not significant. 
The degree of relationship between the milk yield of cousins 
appears to be of about the same order of magnitude as that for 
the butter-fat percentages of these same cousins. The average 
amount of this relationship is 0.16 for milk yield and 0.W for 
butter-fat percentage. The production of a brother’s daughters 


TABLE 6 

Correlation coefficients between the productivity of aunt and niece 


VABIABLB 

C0BBELA.T10K 

COEFFICIENT 

Milk yield 

0.26=fc:0.02 

Butter-fat percentage. 

0,18±0.02 

Butter-fat 

0.29±0.02 



is consequently a shght indication of what the production of the 
herd sire may be. 

Another important ancestral combination used extensively 
in guiding breeding operations is that of aunt and niece. This 
combination comes into use in the selection of a herd bull because 
of the behef that his daughters will duplicate what his sisters 
have done. The relationship between the sire’s daughters and 
his son’s daughters is that of aunt and niece. A comparison of 
the production records of aunt and niece leads to the correlation 
coefficients shown in table 6. The data is for Guernsey Advanced 
Registry cattle. 

Table 6 shows that there is a significant relation between the 
production of aunt and niece in nulk yield, butter-fat percentage, 
or butter-fat. The differences between these correlations are of 
doubtful significance indicating that the relationship is about 




166 


JOHN W. GOWEN 


of equal strength, between the productions of aunt and niece in 
any of these items. Such results bear out the conclusion that 
milk yield, butter-fat percentage, and butter-fat are equally 
inherited and that the sire plays a fairly important part in this 
inheritance. The degree of relationship is practically that found 
for cousins. The record of an aunt or a cousin is consequently 
of about equal importance in indicating the probable production 
of any given cow. 

The significance of these results for practical breeding may be 
stated thus: It is important in constructive breeding to take 
into consideration; first, the record of the bull’s progeny; second, 
the record of his dam; third, but weighing it to a stiU less degree, 
the record of his sire’s daughters or the bull’s own half sisters. 
When these records are obtained and carefully considered they 
furnish about aU the information which is valuable in selecting a 
herd sire. In view of the difificulty in getting many of these 
records it is an open question as to whether a herd sire should 
ever be purchased. It is in fact likely that more progress in 
building up the breed’s production would be made by selecting 
the best producing and transmitting cow in the dairyman’s bam 
to furnish the future herd sire. The significant records for a 
cow are in order of importance: first, her full sister’s record; 
second, the record of her dam; third, the record of her half sister; 
fourth, the record of her granddam; fifth, the record of her aunt; 
and sixth, the record of her cousins. Other production records 
have doubtful significance in indicating what the cow’s produc- 
tive capacity wiU be. From these facts it is obviously much 
easier to select cows than it is to select bulls for prepotency in 
transmitting mfik production or butter-fat percentage to their 
offspring. 

Conformation has for many years been the major criterion 
by which dairy breeding stock is selected. This practice is 
based on the following ideas. First that conformation shows the 
probable production of the cow, second that conformation of the 
bull was transmitted to his offspring and therefore in a sense 
showed what this offspring’s probable production would be. 
Within recent years data on this problem of some importance 
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have been collected and analyzed. The first problem does not 
in a sense belong in the genetic field. However, it is so intimately 
linked with breeding for production that it is important to review 
the evidence to form a foundation on which to study the breeding 
problem. 

Conformation is found to be an important element influencing 
markedly the production of a cow. This influence is due to the 
fact that both conformation and milk production are closely 
associated with the age of the cow. If selection is practiced it 
is really a double selection based partly on conformation and 
partly on age. About half of the relation which exists between 


TABLE 7 

Conformation and 'productivity in Holstein-^Friesian cattle under five and one-half 

years of age 


CHASACTBES 

MILKTIEL© 

Age variable 

Age constant 

Age 

0.65 


Shoulder height 

0.36 

0.11 

Hip height 

0.36 

0.14 

Body length 

0.58 

0.26 

Hump length 

0.39 

0.13 

Body width 

0.52 

0.19 

Thuri width 

0.15 

-0.06 

Body girth i 

0.41 

0.12 

Weight : 

0.65 

0.35 



conformation and milk production is due to age and the other 
half is due to the differential growth which exists between cattle 
of the same age. Table 7 brings out this point for Holstein- 
Friesian cattle. The same general conclusion is also to be 
derived from a much more extensive and adequate series of data 
on Jersey animals. 

The results of table 7 show that during the early years, age is 
of the most importance, much more important than conforma- 
tion, in controlling milk yield. Body weight alone approaches 
the importance of age in controlling milk production. Besides 
this measurement other measurements indicating the relative 
size of the animal are also important. They are, however, closely 
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associated with weight so that in the long run weight appears 
to be the most important part of conformation to which considera- 
tion should be given in selecting dairy cows. 

The score card data on Jersey cattle indicates the same general 
conclusion and supplements it in that it shows the udder condi- 
tion in size and the characteristics of the milk veins to be very 
important elements of conformation in relation to milk produc- 
tion. The work of Aldrich and Dana bear out this conclusion 
in showing milk veins to be quite important elements of conforma- 
tion as related to production. The data may, therefore, be 
summed up by saying that weight as a measure of size of the 
cow and the characteristics of the udder and milk veins are 
the important elements in indicating production. 

The practice of the dairyman in selecting cattle for his herd on 
the basis of conformation in the belief that these animals would 
be capable of transmitting this favorable conformation to their 
offspring, has only recently been analyzed to establish whether 
this proposition were true or false. Thanks to the initiative of 
the American Jersey Cattle Club data are now available to show 
that the relative size of the cow is dependent to some degree on 
the relative size of the sire. If the sire is large the daughter is 
apt to be large. The degree of correlation which exists between 
the daughter’s size and the sire’s size is of about half the order 
of magnitude found between the milk production of a dam and 
that of her daughters. Thus to a limited degree the conforma- 
tion of a sire is transmitted to his daughters. 

The equally important hypothesis on which the dairyman 
manages his breeding herd, that the sire’s conformation to some 
degree predicts the daughter’s milk production, has now also been 
approached through the analysis of these same data collected 
by the American Jersey Cattle Club. The results of this analysis 
show that the item, weight of the sire, has a relation to the 
daughter’s milk production. The larger the sire’s weight the 
more the milk yield of the daughter. This relation is only about 
half of that found for the relation of the dam’s and daughters’ 
milk yield. It, furthermore, has no relation to the butter-fat 
percentage that the daughter is able to give. The other items of 
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conformation were not found to be particularly important in 
indicating the daughter’s probable production. It is thus clear 
that conformation as a basis of selecting and breeding for milk 
production is of much less importance than the actual record of 
the ancestors within the first and second generations of the 
pedigree. 

The significant points which genetics has thus far been able to 
analyze and present to the dairy cattle breeder interested in the 
intelligent betterment of his herd may be briefly reviewed as 
follows: The Mendehan analysis of coat color and of certain of 
the physical defects found in cattle has shown that by the use of 
of simple factor hypotheses it is possible to eliminate these 
defects and make for a more uniformly breeding animal whose 
characteristics will meet the breed association requirements. It 
has been possible to show that the production of the near rela- 
tives is much more important than that of those further removed. 
The significance of these results in selecting a bull for herd sire 
may be stated thus. 

It is important to take into consideration: first, the record of 
the bull’s progeny; second, the records of his dam; third, and 
weighting to a less degree the record of his sire’s daughters or the 
bull’s own half sisters. Unfortunately, it is very difiicult to 
obtain these records on animals other than those raised by the 
breeder himself. In view of this difficulty it would frequently 
be to the breeder’s interest to raise his own herd sire rather than 
to purchase an animal lacking such information. The more 
significant records for the cow are in order of importance : first, 
her full sisters’ records; second, the record of her dam; third, the 
records of her half sisters; fourth, the records her granddams; 
fifth, the records of her aimts, and sixth, the records of her cousins. 
The other records have but doubtful significance in indicating 
what the cow’s productive capacity will be. The variety of 
ancestors from which records may be obtained in selecting a cow 
make it clear that it is much easier to select females than it is 
to select males in replacing animals within the herd. Conformal 
tion is shown to have a relation to production, such that the size 
of the cow and the size of her udder and mammary developmKit, 
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together with wedge shaped form are of importance in indicating 
the cow’s probable productmty. It is further shown that the 
conformation of the sire is transmitted to his daughters to a 
limited degree. If the sire is large the daughter is apt to be large. 
The amount of relationship, however, on the whole is relatively 
small. The sire’s conformation effects the daughters’ conforma- 
tion only in so far as the item of weight is concerned. It also 
appears that the most important item of the sire’s conformation in 
affecting his daughters’ milk production is that of weight. The 
larger the sire in weight, the more the probable milk production 
of the daughter will be. This relationship is, however, only 
about one-half of that found for the relation of the milk yields 
of dam and daughters so that it may be concluded that conforma- 
tion is in no w^ay a substitute for actual production records of the 
parents or grandparents of the animals purchased or bred in the 
maintenance of a productive herd. 
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PHYSICO-CHEMICAL FACTORS INFLUENCING 
CREAAI RISING 


II. RELATION OF PLASMA COLLOIDS TO PASTEURIZATION 

EFFECTS* 

L. S. PALMER, J. C. HENING and E. 0. ANDERSON 
Division of Agricultural Biochemistry, University of Minnesota, St. Paul, Minnesota 

It was shown in the first paper of this series (1) that variations 
in cream rising of cow’s milk seem to be due primarily to certain 
changes in the dispersion medium, i.e., the plasma of the milk. 
In raw milk especially it was shown that the standardization of a 
given lot of skim milk with cream having either large or small 
fat globules resulted in cream layers of nearly uniform depth. 
Pasteurization, also, seemed to affect the milk plasma primarily, 
resulting in less exhaustive creaming and a closer packing of the 
fat globules in the cream layer. 

The detrimental effect of pasteurization on creaming has been 
variously explained. According to Hunziker (2) there are two 
factors involved, (a) a coagulation of lactalbumin to form a sort 
of network that hinders the rise of fat globules, (b) a reduction 
in the ability of the fat to carry non-fatty constituents into the 
cream. So far as the first factor is concerned, the experiments of 
Freudenreich (3), Rupp (4), Weinlig (5), Grimmer, Kurtenacker, 
and Berg (6), Steiner (7), and Hiebenthal (8) indicate clearly 
that appreciable coagulation of lactalbumin does not occur under 
the influence of such time and temperature factors as seriously 
affect creaming. Rahn (9) has, in fact, effectively disposed of 
this theory by restoring the normal creaming capacity of boiled 
milk through the addition of coUoidal material, such as gelatin or 
gum. 

^ Received for publication December 17, 1025. Published with the approval 
of the Director as Paper No. 5S5 Journal Series, Minnesota Agricultural Experi- 
ment Station. The data presented are taken from the thesis of Mr, Hening for 
the M.S. degree, University of Minnesota, 192S, and from the thesis of hfr» Ander- 
son for the same degree, 1922. 
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So far as the second factor is concerned, the view of Weinlig 
(6) can be considered in harmony with that of Hunziker . W einlig 
believes that the effects of pasteurization are to be explained by a 
diminution in the concentration of the skin or membrane of 
albuminous colloid around the fat globules, which is accompanied 
by a change in its composition and tenacity. It is difficult to 
secure experimental data to support or deny this view. Weinlig 
offers none in support of it. Palmer and Samuelsson (10) found 
that the gold number of the crude “membrane” material is greatly 
decreased (i.e. suspensoid stabilizing property increased) by 
boiling. Similar, as yet unpublished (11) results have been 
obtained in this laboratory by pasteurizing solutions of the 
“membrane” material. It is not possible to say definitely that 
this finding has a bearing on Hunziker’s and Weinlig’s theories, 
but it does not at first sight seem to support them. A substance 
whose protective qualities are increased by heat would not be 
expected to lose tenacity. 

Rahn’s recent studies (9, 12, 13) of the cause of pasteurization 
effects on cream rising has led him to revert to an earlier ex- 
planation (14). According to this view it is the grouping of the 
fat globules into clusters in raw milk which is the chief factor 
in creaming giving rise to normal cream layers. Pasteurization 
effects are explained by the breaking up of these clusters. Bab- 
cock and Russell (15) found that cluster disintegration began at 
140°F. and was complete at 150°r. Rahn believes that single 
globules have relatively little tendency to rise in raw milk. He 
observed that raw milk shows many clusters of fat globules and 
a chaos of movement of the single globules while in heated milk 
the clusters are lacking and the movement of the single fat 
globules regular and their rate of rise more rapid than for the 
single globules in raw milk. Rahn’s (9) observations on the rate 
of rise of single fat globules in milk has also led hi m to conclude 
that the speed is too slow to accoimt for the cream layers that 
form on raw milk in twelve to twenty-four hours. 

In none of the studies so far reported has an attempt been made 
to examine experimentally the relation of the various plasma 
constituents to cream rising or to ascertain the effect of heat on 
these constituents in relation to the cream rising phenomenon. 
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The success attained in securing normal cream layers in milks 
prepared by addition of suitable amounts of very rich cream to 
skim milk suggested a mode of attack on this problem not 
heretofore undertaken. The present paper reports some of the 
outstanding features of the experiments. 

EXPBEIMENTAL 

Methods of procedure 

The milk was fresh milk obtaiued from the University herd. 
Mixed milk from Holstein, Guernsey, Jersey, and Ayrshire cows 
was used unless the experiment called for high plasma solid 
(Jersey, Guernsey) or low plasma solid (Holstein) milk. The 
milk in most instances was standardized to contain 3.5 per cent 
fat as determined by the Babcock method. Pasteurization was 
effected by means of shotgun cans immersed in a vat of hot water. 

Cream layers were determined in 200 cc. graduated cyhnders. 
The height of the milk column in these cylinders was approxi- 
mately 20 cm. Duplicate cylinders were placed at 0® and at 
10°C. using a fireless cooker type of thermostat and melting ice 
for the low temperature and a vat of running tap water or an ice- 
cooled refrigerator for the higher temperature. 

The percentage of fat in the skim milk layers was determined 
by analysis after drawing off the skim milk through a small hole 
near the base of the cylinders. From these data and the fat 
content of the whole milk the approximate concentration of fat 
in the cream was calculated by the formula* 

^ lOOs- (100- j/)s 
— ’ 

y 

Where C = percentage of fat in the cream layer 
X — percentage of fat in the milk 
y — percentage of cream by volume 
0 = percentage of fat in skim layer 

Specific gravity was determined by the lactometer or Westphal 
balance. Solids-not-fat were calculated using the tables of 

Author's note: The formula used for this ealculatioa wMch was i^tihlislied 
in the first paper of this series, January, 1926, was in error.' The fortnula, 
given above is correct. 
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Shaw and Eekles (16). Hydrogen ion concentrations were 
determined potentiometrically using the Bailey electrode, Leeds 
and Northrup Type K potentiometer, and normal calomel cell. 

Casein was prepared from separated milk by the grain curd 
method (17) and purified by leaching for several days in frequent 
changes of distilled water adjusted to pH = 4.8. This casein 
was pressed dry, broken up into small pieces and used in the moist 
condition for the preparation of casein milks. 

The casein milks were colloidal dispersions of calcium caseinate 
prepared by grinding the moist casein with suitable quantities of 
CaCOs and Ca3(P04)2 until a concentrated colloidal solution of 
calcium casemate resulted. For example, in one experiment the 
casein from 155 pounds of skim mdlk was ground with 75 grams 
of CaCOs and 25 grams of Ca 3 (P 04)2 and small amounts of water 
until a thick creamy paste resulted. This was diluted gradually 
with water with continued grinding until a moderately thin fluid 
resulted. Grinding was effected either by a colloid mill, or by a 
burr grinder. Excess CaCOs and CasfPOds were removed by a 
DeLaval No. 105 Clarifier, Casein concentrations were based 
on a nitrogen determination. In most cases a milk containing 
9 to 10 per cent casein was used for the preparation of the various 
casein milks described below, suitable dilutions being made with 
water, lactose solution, cream, etc., to give products of the desired 
composition. 

Whey was prepared by twm methods, rennin and acid. Separa- 
tor skim milk from mixed milk or from such breeds as it was 
desired to use to vary the concentration of whey proteins was 
treated with rennet extract or phosphoric acid. In the former 
clotting was allowed to take place at 32°C. and the curd cut and 
allowed to shrink at this temperature with very little agitation. 
The whey was drained off, clarified and analyzed for nitrogen 
by the Kjeldahl method. For the acid whey, casein was re- 
moved by the grain-curd method, the whey clarified and then 
neutralized to pH = 6.5 (determined potentiometrically) using 
a 5 per cent NaOH solution. After further clarification the whey 
was analyzed for nitrogen. 

In certain experiments soluble salts of s kim milk were removed 
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by dialysis. This was effected by placing the milk in collodion 
bags prepared in 200 cc. test tubes. These bags were prepared 
in the usual manner and then immersed in 1 per cent gelatin solu- 
tion for fifteen minutes, followed by treatment with 2 per cent 
formaldehyde solution for the same length of time. The bags 
were then washed thoroughly with distilled water and kept 
immersed in water until used. The milk was allowed to dialyze 
in these bags under pressure, each bag being filled as full as 
possible and tied firmly with a rubber band. About 30 such 
bags were allowed to sink in cold distilled water placed in 5-gaUon 
stone jars kept in the dairy refrigerator at 6° to 8°C. Dialysis 
was continued for twenty-four to thirty-six hours with several 
changes of water. 

Experimental results 

a. Efect of pasteurizing only the skim milk or cream. In order 
to ascertain the general relation of the plasma constituents to 
the effects of pasteurization on creaming, experiments were 
carried out first in which the plasma phase only was pasteurized 
and then used as the source of skim milk for the standardized 
product prepared from skim milk and cream. Several such 
experiments were conducted, the results of which are summarized 
in table 1. The data show that in most cases just as detrimental 
effects and in some cases much greater effects on cream rising 
are secured by pasteurizing the plasma phase of milk alone as 
when the whole milk is pasteurized. More striking results were 
secured in the first three experiments than in the later ones. 
The explanation is not clear. It may be stated, however, that 
the first three were a part of experiments carried out in 1922 and 
the others a year later. In spite of the variations in the extent 
of the destruction of cream rising ability, the data certainly point 
strongly to the conclusion that it is the plasma phase of milk 
which is affected chiefly in pasteurization and not the fat globules 
or substances associated with them through adsorption or other 
physico-chemical mechanism. 

It is appreciated that these experiments call for others in which 
the cream only is pasteurized before mixing with the raw milk. 
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TABLE 1 


Influence of pasteurizing the plasma on the creaming of raw milk 


KXPEBI- 

MENT 

K1XB£B]E/!R 

DESCRIPTION OF MILK 

TEMPERA.' 

TORE OF 
PASTEURI' 
ZATION 

TEMPERA- 
TURE OF 
BKIM 
WHEN 
ADMNQ 
CREAM 

VOLUME 

CREAM 

AFTER 

TWENTY- 

FOUR 

HOURS 

AT 0*G. 



“a 

^C. 

percent 

f 

Raw, whole* 


32 

13.5 


Raw skim + raw cream 


23 

13.3 


Pasteurizsed skim + raw cream 

62 

62 

6.0 

i 

Pasteurized skim + raw cream 

67 

67 

2,0 

f 

Raw, whole 


23 

13.8 


Raw skim 4- raw cream 


23 

13.8 


Pasteurized skim + raw cream 

62 

23 

1.0 

A * 

Pasteurized skim + raw cream ; . ...... 

62 

23 

1.8 


Pasteurized skim + raw cream 

67 

23 

0.5 


Pasteurized skim + raw cream 

67 

67 

0.8 

[ 

Raw, whole 


23 

13.5 

3 { 

Raw skim -f- raw cream 


23 

12.9 

1 

Pasteurized skim + raw cream 

63 

23 

4.4 

f 

Raw skim + raw cream 


23 

14.0 

4 

(Raw skim + raw cream) pasteurized. . 

63 

23 

15.0 

1 

Pasteurized skim + raw cream 

63 

23 

9.0 


Raw skim + raw cream 


23 

15.0 

5 ■ 

(Raw skim + raw cream) pasteurized — 

63 

23 

9.0 


Pasteurized skim and raw cream 

63 

23 

11.0 


Raw Holstein whole 


23 

11.5 


Raw Holstein skim + raw cream 


23 

10.0 

6 • 

Pasteurized Holstein 

63 

23 

9.0 


(Holstein skim and cream) pasteurized. 

63 

23 

5.5 


Holstein skim (pasteurized) 4- raw cream 

63 

23 

8.5 

I 

^ Raw Jersey skim 4“ raw cream 


23 

13.8 

7 

(Jersey skim 4- cream) pasteurized . . . . 

63 

23 

9.2 

I 

! 

Jersey skim (pasteurized) 4* raw cream. . 

63 

23 

11.0 


^ Experiments 1 to 5 were conducted with mixed milk. 
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Experiments of this nature were not carried out chiefly because 
of the difliculties involved in pasteurizing small lots of high fat 
cream so as to avoid rendering the fat, and at the same time 
produce effects due to heat alone. The problem was therefore 
approached indirectly, namely, by using cream from pasteurized 
milk. 

TABLE 2 


Relative effect on cream rising of pasteurizing only the plasma or cream* 


EXPERI- 

MSNT 

NUMBEB 

DESCEIFEION OP MILK 

VOLUME 

CKEAM 

APTEB 

TWENTY- 

POUR 

HOURS 

AT O'^C. 

FAT IN 
SEIM 

^ APPROXS- 
1 MATE PAT 
IN CREAM 


Baw, whole 

per cent 

16.0 

per cent 

0.50 

per cent 

19.3 


Raw skim +■ raw cream 

13.5 

0.55 

22.4 


Pasteurized whole 

10.5 

1.55 

20.2 

1 < 

(Raw skim + raw cream) pasteurized. . 

8.5 

1.58 

24.3 

i 

Raw skim 4- cream from pasteurized 
whole 

14.0 

0.70 

20.7 


Skim from pasteurized whole + raw 
cream 

10.0 

1.73 

19.5 


Raw, whole 

14.3 

0.55 

21.5 


Raw skim 4 raw cream 

14.3 1 

0.55 

21.5 


Pasteurized, whole 

11.0 

1.28 

21.5 


(Raw skim 4 raw cream) pasteurized . . 

9.3 

1.70 

21.1 

2 ' 

Raw skim 4 cream from pasteurized 
whole 

14.0 

0.50 

21.8 


Skim from pasteurized whole 4 raw 
cream 

5.3 

2.20 

26,9 


Pasteurized skim 4 raw cream 

6.0 

2.18 

24.2 


* We are greatly indebted to Prof. W. B. Combs, Division of Dairy Husbandryi 
University of Minnesota for assistance in carrying out these experiments. 


Two experiments of this kind are shown in table 2. In both 
experiments pasteurization was at 63°C. for thirty minutes in 
shotgun cans. In the first experiment the raw cream us^ for 
standardization contained 62.6 per cent fat, and the cream from 
the pasteurized milk contained 56.75 per cent fat. In the second 
experiment the raw and pasteurized cream tested 63.25 and 58.25 
per cent fat, respectively. 
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The results of the two experiments were uniform in showing 
that the use of pasteurized cream in standardizing a synthetic 
whole milk is not detrimental to the creaming if the skim milk 
has not been pasteurized. In other words the data demonstrate 
conclusively that it is the milk plasma and not the fat globules 
that are affected by heat so as to interfere with cream rising. 

A careful study was made of the extent of fat globule clustering 
in connection with the second experiment of this group. Obser- 
vations were made on the freshly prepared samples at the time 
they were set aside for creaming, and also on the cream layers 
and remixed samples after the twenty-four-hour creaming period. 
The method employed was to prepare a hanging drop and ob- 
serve the fat globules as they flowed past the field of obser\'ation. 
Flowing was induced by capillary attraction between the edge 
of the concave depression in the slide and the cover slip carrying 
the hanging drop. No essential change in the extent of fat 
globule clustering of a siugle sample could be noticed after 
twenty-four hours standing in ice water. The cream and remixed 
milk were also essentially the same except that more large fat 
globules were observed in the cream than in the mixed nulk. 

The most important observation made was the complete lack 
of agreement between the creaming phenomena and clustering. 
For example, of the three samples showing good cream volumes 
and exhaustive creaming, namely, those in which the whole 
milk or skim milk was raw, there were no clusters whatever in the 
two samples prepared from skim milk and separated cream (either 
raw or pasteurized), while the raw untreated milk showed con- 
siderable clustering, it being estimated that one-third of the fat 
globules existed in pairs or cluster of three or more globules. A 
further lack of relationship between clustering and creaming was 
observed for the pasteurized samples, all of which showed some 
clustering, the maximum amount appearing in the sample which 
had the poorest cream layer. 

These results are wholly irreconcilable with those theories 
which attempt to explain creaming variations by means of fat 
globule clustering or its absence. 

h. Relative influence of -plasma colloids and plasma crystalloids 
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on cream rising. Milk plasma is a mixture of various colloids 
and crystalloids. It is not to be expected that these two groups 
of substances exert a similar influence on cream rising of raw or 
pasteurized milk. However, the specific gravity of plasma is 
determined largely by the mineral salts and lactose in true solu- 
tion so that it is a matter of speculation whether a synthetic 
milk consisting of a mixture of high test cream and plasma col- 
loids could show normal cream rising properties. Moreover, the 


TABLE 3 

Cream rising of raw and pasteurized milk made from cream and dialyzed plasma 


EXPERIMENT NUMBER 

DESCRIPTION OF MILK 

W 

a 

p 

MS 

h 

S 

5 

0 

1 

pa 

s 

1 

gp 

s § 

< g 

8 fa 

g 

w 

a 

I 

a 

S 

% 

a 

8 

< 

a 

s 

i 

W 

% 

< 

g 

i 

i 

IS 

H ci 

u 






per 

per 

per 

per 






cent 

cent 

cent 

cent 



(Natural skim + cream) raw 

6.48 


10.3 

3.6 

2.1 

16.7 

1 ^ 


(Natural skim + cream) pasteurized. 

6.59 


12.8 

3.6 

1.7 

16.6 



(Dialyzed skim + cream) raw 

6.91 

1.010 

15.0 

3.6 

2.1 

10.8 



(Dialyzed skim + cream) pasteurized. 

6.84 

1.016 

10.0 

3.6 

2.3 

15.3 



(Natural skim + cream) raw 

6.49 


15.0 

3.9 

1.0 

20.3 



(Natural skim -f cream) pasteurized. 

6.32 


9.0 

i 3.9 

2.2 

21.1 

•9 < 


(Dialyzed skim -h cream) raw. ...... 

6.64 

1.029 

15.0 

3.9 

1.0 

20.3 



(Dialyzed skim -j- cream) pasteurized 

6.75 

1.031 

8.0 

3.9 

2.9 

15.4 



Dialyzed skim (pasteurized) + raw 









cream 

6.58 

1.034 

14.0 

1 4.7 

2,7 

17.0 


influence of mineral salts on both hydrophilic and hydrophobic 
colloids (especially the latter) is so great that very interesting 
possibilities regarding creaming phenomena are suggested by a 
determination of the effect of removing the crystalloids from 
milk plasma. 

Two experiments of this nature are reported in table 3. The 
results are to be looked upon as approximations only so far as 
removing the mineral salts and lactose and other substances in 
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true solution are concerned. In the first place the dialyzed 
plasma (skim milk) can be said to have had its crystalloid content 
merely reduced very greatly. This is shown by the low specific 
gravity of the milk in experiment 1. Furthermore, the cream 
used for standardizing the fat content of the milk contained milk 
crystalloids although in relatively greatly reduced quantity. 
The cream used for experiments 1 and 2 tested 41 and 51 per cent 
fat, respectively. 

The nearly normal specific gravity of the milk in experiment 2 
was brought about by the addition of lactose to the dialyzed milk 
in quantity sufficient to restore the original lactose content. 
Approximately 5 grams of lactose were added to each 100 cc. 
of dialyzed plasma. The purpose was to determine the relative 
influence of the lactose and soluble mineral salts on the cream 
rising phenomena. 

The conditions surrounding these two experiments were such 
that the rise of fat was very much delayed resulting in skim milk 
layers of relatively high fat content. It is to be noted, however, 
that the removal of either the mineral salts or the mineral salts 
and lactose in large measure by dialysis had no detrimental effect 
on the cream rising of the raw milk. The influence of pasteuriza- 
tion was also essentially the same for the xmaltered and dialyzed 
milk. 

An interesting fact brought out in this experiment is that cream 
volumes may be very good in spite of a high fat content in the 
skim layer. The approximate fat content in the cream layer 
is also surprisingly high in these cases, and emphasizes the part 
that packing plays in determining the volume of cream rising 
on a given volume of milk. The line of demarkation between 
the cream and skim milk layers, i.e., the true “cream line” was 
not very distinct in these experiments. This result was noted 
particularly in the case of the raw dialyzed plasma plus cream in 
experiment 1. 

Although these two experiments can not be regarded as giving 
conclusive proof of the relative importance of the crystalloids 
and colloids of milk plasma in cream rising, the results certainly 
point very strongly to the conclusion that the raw milk creaming 



PHYSICO-CHEMICAL FACTOES IN CREAM RISING 


181 


phenomena and pasteurization effects are governed chiefly if not 
entirely by the plasma colloids and that the crystalloids play 
little if any part in cream rising problems. 

TABLE 4 


Physical and chemical properties of raw and pasteurized calcium caseinate milk 


1 i 




>* 


CBEAM 

FATIH 

AFPEOXI- 

5? 

FI 

K 

SOtrBCB OF FAT 

TBBATMBNT 


S . 

OQ 


VOLUME 

SKIM 

MATE PAT 

IN CBEAM 






d 


|n 



d 



» 


■ 

Q 

d 


g m 




m 

o 

CJ 

o 







QQ 

m < 

WsMl 



■e 

bhh 






O 


n 

< 

< 

<5 

IQI 






per 



per 

per 

per 

per 

per 

per 




cent 



cent 

cent 

cent 

cent 

cent 

cent 


Holstein | 

Raw 

2.39 

1.0075 

6.77 

3.0 

4,5 

2.97 

2.47 

20.6 

26.0 


Pasteurized 

2.39 

1.0075 

6.71 

2.0 

3.8 

2.97 

2.40 

24.5 

31.3 

1 ' 

Jersey-Guernsey . | 

Raw 

2,39 

1.007 

6.78 

5.9 

8.4 

2.25 

1.65 

23.4 

23.7 


Pasteurized 

2.39 

1.007 

6.75 

2.7 

5.9 

2.57 

1.57 

37.0 

|34.4 


Holstein. | 

Raw 

2.93 

1.0076 

6.78 

3.5 

6.0 

3.02; 

2,37 

17.0 

21.2 


Pasteurized 

2.93 

1.0076 

6.73 

2.6 

5.1 

2.90 

1 

2.25 

26.0 

26.8 

Z ■ 

Jersey-Guernsey . | 

Raw 

2.93 

1.0079 

6.75 

11.3 

10.4 

1.05 

0.60 

22.7 

25.5 


Pasteurized 

2.93 

1.0079 

6.72 

3.5 

5.3 

2.40 

1.52 

33.8 

38.9 


Holstein | 

Raw 

2.39 

1.0239 

6.12 

2.5 

6.8 

2.80 

2.63 

;29.8 

15.4 


Pasteurized 

2.39 

1.0262 

6.24 

2.0 

3.0 

3,32 

3.22 

12.2 

12.6 

6 " 

Jersey-Guernsey , | 

Raw 

2.93 

1.0262 

6.02 

9.0 

5.5 

2.48 

2.58 

14.9 

21.1 


Pasteurized 

2.93 

1.0282 

6.19 

2.0 

2.6 

3.36 

3.00 

15.2 

26.1 


Holstein. | 

Raw 

2.39 

1.0256 

6.54 

8.0 

7.0 

2,55 

2.30 

15.7 

20.9 

A 4 

Pasteurized 

2.39 

1.0280 

6.54 

4.0 

6.3 

3.00 

2.27 

18.0 

23.4 


Jersey-Guernsey . 1 

Raw 

2.93 

1.0294 

6.50 

7.3 

5.3 

2.60 

2.37 

16.3 

25.6 


Pasteurized 

2,93 

1.0314 

6.50 

5.8 

7.5 

2.65 

1.90 

19.0 

24.6 


Holstein.., | 

Raw 

2.39 

1.0278 

6.59 

6.0 


2.35 


17.4 



Pasteurized 

2.39 

1.0298 

6.59 

2.0 

2.0 

2M 

2.60 

23.0 

^.5 

. 

O 

Jersey-Guernsey . | 

Raw 

Pasteurized 

2.93 

2.93 

1.0287 

1.0303 

6.59 

6.59 

10.5 

6.5 

7.5 

5.7 

0.50 

0.60 


22.4 

34.4 



c. Calcium casemate as a factor in cream rising. The experi- 
ments reported in the preceding sections at once raise the question 
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as to wMch colloidal constituents of milk plasma are affected 
by heat so as to interfere with cream rising. As already pointed 
out Hunziker (2) holds that a coagulation of lactalbumin is prob- 
ably responsible, in part, for abnormal cream rising of pasteurized 
milk. Casein, however, is by far the most abundant of the 
plasma colloids. The first experiments were therefore carried 
out for the purpose of determining its relation to the cream 
rising phenomena. 

Five experiments in all were conducted using calcium caseinate 
milk. The data are summarized in table 4. Inasmuch as the 
experiments differed slightly in certain details, a brief description 
of the salient features of each seems advisable. 

The preparation of the calcium casemate dispersion was prac- 
tically the same for each experiment. The method employed has 
already been described. In experiment 1 the casein concentra- 
tion of 2.36 per cent is intended to represent Holstein milk. The 
concentration 2.93 per cent used in experiment 2 represents Jer- 
sey milk. In the remaining experiments milk was prepared 
representing both Holstein and Jersey. The concentrations 
selected are based on the data of Eckles and Shaw (18) on the 
relation of breed to composition of milk. 

All the experiments were alike in that the cream used for 
standardizing the artificial whole nailk was secured from both 
Holstein and Jersey-Guernsey whole milk. In experiments 1 and 
2 small and large fat globule cream was added to the single plasma 
prepared for each experiment. In the remaining experiments 
Holstein cream was added only to Holstein plasma and Jersey- 
Guernsey cream to Jersey-Guemsey plasma. The fat content 
of the creams used for the synthetic whole milk in the various 
experiments was as follows: 


EXPBEIMBOT 

HOLSTEIN 

JBBSBT-GUEBNSEY 

1 

51.5 

56.5 

2 

51.5 

66,6 

3 

58.0 

63,0 

4 

54.0 

60.0 

5 

52.0 

60.0 
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It was intended that each lot of synthetic whole milk should 
have 3.5 per cent fat. The results did not de\’late more than 0.1 
per cent from this except in experiment 5 where the Jersey milk 
tested only 2.8 per cent fat and the Holstein 3.3 per cent. 

In experiments 1 and 2 no attempt was made to control the 
specific gravity of the synthetic milk which accounts for the 
abnormally low values reported. In experiments 3, 4, and 5, 
however, the calcium caseinate was diluted with sufiicient 10 per 
cent lactose solution as well as cream to give the milks a sugar 
content of 5 per cent for the J ersey milks and 4.65 per cent for the 
Holstein milks. This increased the specific gravity to values 
which approached more nearly that of normal milk. 

The pH of the milk was not controlled in the first three experi- 
ments except in so far as the calcium caseinate was prepared as 
nearly neutral as possible. This accounts for the high pH of the 
milks in experiments 1 and 2 and the low pH of experiment 3. 
In experiments 4 and 5, however, the pH value of the milks was 
increased with a 10 per cent Na 2 HP 04 solution to approximately 
6.5 to 6.6. This effectively overcame a slight tendency to coagu- 
late which was noticed in the pasteurization of the milk in experi- 
ment 3. 

The pasteurization procedure was the same for aU experiments. 
When the miUc in the shot gun cans had reached 63°C., the 
gentle agitation was discontinued throughout the holding time of 
thirty minutes except when temperature readings were taken at 
five-minute intervals. 

The results were essentially the same in each experiment 
regardless of the pH, specific gravity, relative size of fat globules 
or variation in casein content as representing Holstein or Jersey 
milk. It was surprising that the specific gravity had so little 
effect. Since the variation of this property was brought about 
by lactose, it seems evident that the sugar content of m il k has no 
influence on cream rising. 

One outstanding feature of the results is the uniformly poor 
cream layers on the raw milk and the uniformly detrimental 
effect of pasteurization. The data show, of course, that one 
primary reason for the poor cream layers is the fact that in a 
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great majority of cases only a very small proportion of the fat 
rose on the casein milk . This can not be the sole explanation, 
however, inasmuch as very good cream layers were obtained in 
the dialysis experiments (table 3) in spite of a high concentration 
of fat in the skim milk layer. 

It seems fairly obvious that calcium caseinate although the 
most prominent colloid in the plasma has relatively little to do 
with either promoting the rise of the fat globules or increasing 
the volume which they occupy as cream. It should be noted, 
however, that there is in general a duplication of the results 
secured in the previous study (1) in that pasteurization results 
in a less exhaustive creaming and a closer packing of the fat 
globules in the cream layer. It can not be decided definitely 
with the data now at hand whether this is an effect of pasteuriza- 
tion on calcium caseinate or to some other factor, but the indica- 
tions point strongly to calcium caseinate as the constituent 
affected. 

Another outstanding and in fact remarkable feature of these 
experiments is the increase in cream layers at 12°C. in com- 
parison with 0°C. This result alone points conclusively to the 
fact that calcium caseinate is not the colloidal constituent of milk 
plasma which promotes normal cream rising. Natural milk 
always has a lesser cream layer at high temperatures than when 
kept cold. 

A further fact not brought out in table 4 pointing to the same 
conclusion regarding the r61e of calcium caseinate in cream 
rising is that the line of demarkation between the cream and 
skim milk was very indistinct in many of these experiments 
especially in the cylinders containing pasteurized products. In 
many instances it was necessary to detemame the cream layers by 
holding the cylinders before a strong light. 

The experience with calcium casemate suggests that if plasma 
coUoids are responsible in the main for normal cream rising, it is 
the true hydrophils, lactalbumin and globulin that are con- 
cerned. The experiments reported in the next section throw light 
on this relationship. 

d. Whey colloids as favors in cream rising. The experiments 
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to determine the influence of the whey colloids (chiefly lactalbu- 
min and globulin) on creaming were carried out in essentially 
the same manner as the calcium caseinate experiments. The 
whey studies, however, naturally fall into two groups. In the 
first group, the results of which are presented in table 5, rennet 
whey of Holstein or Jersey-Guernsey or mixed origin was com- 


TABLE 5 

Whey colloids as a factor in cream rising on raw or pasteurized mill: 
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Holstein | 

0.96 

1.0247 

6.34 

Raw 

11.5 

5.0 

2.00 

1.90 

15.1 

33.9 



0.96 

1.0247 

6.42 

63 

16.3 

7.8 

1.95 

1.75 

11.6 

24.3 

i * 


Jersey-Guernsey | 

0.96 

1.0250 

6.36 

Raw 

17.0 

7.0 

1.57 

1.32 

7.0 

18.3 



0.96 

1.0250 

63 

20.0 

9.0 

1.55 

1.27 

6.3 

14.9 
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Jersey-Guernsey | 

1.08 

1.08 

1.0264 

1.0264; 

6.53 

6.45 

Raw 

63 

14.0 

14.3 

8.9 

12.5: 

0.57 

0.25 

1.40 

0.32 

21.5 
23. i; 

13.8 

25.7 



f 

Holstein | 

1.08 

1.0263 

6.48 

Raw 

13.6 

7.5 

0.80 

1.60 

21.4 

26.9 



1.08 

1.0263 

6.46 

63 

15.8 

13.8 

0.40 

0.45 

20.1 

22.6 


( 


1.0264 

6.45 

Raw 

13.0 


0.80 


21.6 



Mixed ..s 

1 


1.0269 

6.52 

63 

18.8 


1.40 


7.3 


o 


1.0279 

6.53 

67 

17.0 


1.60 


: 6.9 




1.0279 

6.53 

63* 

10.0 


1.85 


18.4 



* Whey only pasteurized. 


bined with Holstein or Jersey-Guernsey or mixed cream in 
various combinations to determine the effect of two levels of whey 
protein in connection with large and small fat globules. In 
particular, however, the pH of the synthetic milk in the experi- 
ments was nearly identical with that of fresh natural milk. 

The second group shown in table 6 compares the use of acid 
and rennet whey as a plasma for synthetic milk in cream rising 
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studies. These milks differed from those in the first group by 
being somewhat acid in comparison with natural milk and there- 
fore show in general the effect of increased acidity on cream 
rising. 

In both groups of experiments pasteurization was carried out 
in shot gun cans. The “milk” was gently agitated until the 


TABLE 6 

Wheij colloids as factors in cream rising of raw or 'pasteurized milk of relatively low pH 
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per cent 



V. 

per cent 

per cent 

per cent 



1.10 

1.0259 

6.12 

i Raw 

7.6 

0.82 

36.0 

i 


1.10 

1.0259 

6.12 

63 

7.6 

1.46 

28.3 

i 

HfOnnot/ * 

1.10 

1.0258 

6.12 

Raw 

23.5 

0.02 

10.0 


K 

1.10 

1.0258 

6.13 

63 

26.6 

1.01 

10.4 


I 


1.0245 

6.26 

Raw 

8.0 

1.70 

24.2 

2 

Rennet { 


1.0245 

6.32 

63 

12.0 

1.50 

18.2 


[ 


1.0245 

6.29 

OS’** 

5.8 

2.45 

20.7 




1.0245 

6.10 

Raw 

6.0 

2.70 

16.0 

o 

XLcXlUc V.. S 


1,0245 

6.20 

63 

12.0 

1.50 

18.2 




1.0241 

6.06 

Raw 

10.0 



4. 



1.0232 

6.27 

63 

12.0 




s 


1.0233 

6.28 

67 

10.0 






1.0236 

6.28 

63* 

10.0 




* Whey only pasteurized. 


desired temperature of pasteurization was reached. There was 
also gentle agitation at five minute intervals during the 30- 
minute pasteurization period. In all cases the “milk” was cooled 
to 26°C. before placing in the creaming cylinders or mixing with 
cream in case the whey only was pasteurized. 

Before pointing out the important features of the results of 
these experiments, it should be stated that pasteurization pro- 
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duced no visible effects on any of the whey milks. This was also 
true for the tests in which the whey alone was pasteurized before 
mixing with the cream. 

In many respects the results with the whey milks were contrary 
to those obtained with natural or casein milks. It will be noted 
jSrst that when the pH was normal the raw milk gave excellent 
cream layers and that these increased somewhat in proportion 
to the protein content of the whey. However, contrary to any 
previous result pasteurization gave a marked increase to the 
cream layer, even when the pasteurization temperature was 
sufficiently high to practically destroy cream rising on natural 
or casein milk. Similar but less marked increases in cream layers 
occurred when the more acid whey milks were pasteurized. 

The effect of heating the whey milks on the rise of fat and its 
distribution between cream and skim nu'lk layer is particularly 
interesting. The data show that with whey milks of normal pH 
(table 5) the result was a more exhaustive creaming and a looser 
packing of the fat in the cream. This is entirely opposite to 
the effect of heat on natural or casein milks which show a less 
exhaustive creaming and a closer packing of the fat in the cream. 
When the whey milks were somewhat acid, the results were not 
regular in these respects showing that other factors were operating 
which require further study for elucidation. 

The object of comparing rennet and acid wheys was to deter- 
mine whether the rennet enzymes remaining in the whey might 
be acting on the traces of casein added with the cream and thus 
be a factor in some of the surprising results secured. Unfortu- 
nately the acid and rennet wheys which are comparable are each 
somewhat acid in comparison with normal milk. There is nothing 
in the results, however, to indicate an effect exerted by rennet 
enzymes. 

DISCUSSION 

The results of this series of experiments give a particularly 
close insight into the fundamental factors operating in cream 
rising on raw and pasteurized milk. They show concludvely 
that plasma colloids are the chief, if not the only constituents of 
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milk that exert an influence in cream rising. It appears that the 
difference between the specific gravity of fat and of milk plasma 
as represented by lactose and salts has very little to do with the 
volume of the cream layer although the exhaustiveness of cream 
rising is much affected. However, it is also clear that exhaustive- 
ness of creaming under uniform conditions is influenced so greatly 
by other factors that specific gravity differences are readily and 
often almost completely overcome. 

Our study of the comparative effects of the two important 
colloids of milk, calcium caseinate and lactalbumin (as repre- 
sented by whey) has led to surprising and unexpected results. 
The most prominent colloid of milk, calcium caseinate, is shown 
to be a very poor promoter of satisfactory cream rising or ample 
cream layers. When heated this colloid is even more detri- 
mental to both the rise of cream and to a sufficient separation 
of the fat particles in the cream to give a deep cream layer. 
These results lead one to suspect that ’when an exhaustive cream 
rise occurs accompanied by a cream layer of satisfactory depth, 
it does so in spite of the presence of calcium caseinate; and when 
the detrimental effects of pasteurization are manifested, calcium 
caseinate is chiefly to blame for the result. 

On the other hand the ’whey colloids are clearly promoters of 
satisfactory cream layers, and more surprising still their effective- 
ness is increased by pasteurization both with respect to more 
exhaustive creaming as well as cream layers of greater volume. 
Some of the older explanations of pasteurization effects on cream- 
ing thus become entirely untenable. The idea that a lactalbumin 
coagulation is responsible for the unsatisfactory cream layers on 
pasteurized milk is not substantiated. On the contrary what- 
ever effect pasteurization exerts on lactalbumin is a gain rather 
than a hindrance to cream rising and cream layers. 

At first sight it seems very surprising that calcium caseinate 
and lactalbumin are found to exert an opposing effect on cream 
rising phenomena. The exact cause of this requires further 
experimental study. Nevertheless the suggestion may be per- 
mitted that calcium caseinate and lactalbumin do not belong 
to the same class of colloids. As one of us (19) has recently 



PHYSICO-CHEMICAL FACTORS IN CREAM RISING 


189 


pointed out calcium caseinate has many of the properties of a 
suspensoid (hydrophobe) although also possessing important 
properties of an emulsoid (hydrophile). It is thus e-vddent that 
the opposing effects of calcium caseinate and u*hey colloids on 
cream rising are in some way related to differences in the char- 
acter of the colloids. It should be emphasized, however, that 
the questions involved in cream rising do not include that of 
emulsion stability. I^Tiile there may be differences between 
calcium caseinate and whey proteins so far as emulsion stabil- 
ization is concerned both kinds of proteins are to be considered 
as excellent emulsifiers.^ The creairiing phenomena with which 
this study has dealt are cream rising and volume of cream layer. 
In general our results point to the conclusion that both exhaust- 
iveness of rise of fat and greater volume of cream are promoted 
by the more truly hydrophallic colloids and depressed by colloids 
with hydrophobic properties. Pasteurization at 63°C. for thirty 
minutes increases the effectiveness of the former but decreases 
still further the effectiveness of the latter. When the emulsion 
contains both classes of colloids, it may be expected that the net 
result will be determined largely by the colloid present in greater 
concentration. This supposition in fact offers a plausible ex- 
planation of the general detrimental effect of pasteurization on 
creaming of whole milk. 

It is not possible to reconcile the results of any phase of this 
study with those theories which seek to explain cream rising 
changes on the basis of fat globule clustering. Rahn (9, 12, 13) 
has recently emphasized these theories. Oui' studies show 
conclusively that fat clustering is not even uniformly coincident 
with either satisfactory cream volumes or exhaustive creaming 
and is not to be regarded as a primary cause of cream rising 
changes. The data presented in tables 1 and 2 in particular 
make it exceedingly difficult to believe that the mode of distribu- 
tion of the fat globules coidd have played any significant part 
in the results. In fact as already pointed out in the presentation 

^ A comparison of the gold number of calcium caseinate and lactalbumin by Mr. 
Jobnson (11) in tMs laboratory gives calcium casemate a protective value (recip- 
rocal of gold number) of 83 and of lactalbumin of 20. 
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of the data of the experiment shown in table 2, a careful examina- 
tion of the wholly standardized milks of experiment 2, i.e., all 
those in which skim milk was mixed with either raw or pasteur- 
ized cream, failed to disclose clustering of the fat globules in any 
case; yet there was marked impairment of cream rising whenever 
the skim nulk or the mixtiue of skim and cream had been pas- 
teurized in spite of the fact that clustering was not entirely 
destroyed. 

This experiment also fails to support Weinlig’s (5) theory that 
pasteurization effects are to be explained by a change in the 
properties of the membrane surrounding the fat globules. "While 
our data do not refute the assertion that some change occurs, it 
is obvious that it bears no relation to creaming. 

CONCLUSIONS 

1. The exhaustiveness of cream rising and the volume of the 
cream layer on cow’s milk are determined largely by the plasma 
colloids. 

2. Differences in density of fat and plasma do not determine 
the volume of cream and will not assure exhaustive rise of fat. 

3. The calcium caseinate of cow's milk hinders cream rising 
and does not promote satisfactory cream volumes. These effects 
are increased by those pasteurization procedures which depress 
the cream rising of natural milk and give rise to smaller cream 
volumes. 

4. The whey colloids of cow’s milk promote both cream rising 
and satisfactory cream volumes. These effects are increased 
by the pasteurization procedures that give rise to unsatisfactory 
creaming of natural milk. 

5. The detrimental effects of pasteurization on cream rising 
phenomena of natural milk are to be explained by the effect of 
heat on the predominating plasma colloid, calcium caseinate. 

6. Changes in cream rising and cream layers on natural milk, 
especially those brought about by pasteurization, can not be 
explained solely by fat globule clustering or dispersion. 
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SOME OBSERVATIONS ON THE FREEZING POINT OF 

MILK* 

J. H. BUCHANAN and 0. E. LOWMAN 

Department of Chemistry, loiva State College, Ames, Iowa 

The cryoseopic method has been advanced by Hortvet (1) 
and others for the detection and determination of added water 
in milk. In the published work no mention has been made 
of the possible effect of dissolved substances in the water with 
which the milk was adulterated. Since the depression of the 
freezing point is dependent upon the number of dissolved parti- 
cles in solution, it is important to know to what extent these 
dissolved substances would effect the cryoseopic index of milk. 

Another factor that has not been sufficiently investigated 
is the effect of seasonal variation on the freezing point. Since 
the various constituents of milk vary to some degree with the 
season, it would be quite possible to expect a slight variation in 
freezing point due to seasonal conditions. Stoeckhn (2) indi- 
cates that there is no seasonal variation. 

This investigation was planned to include the two factors: 
(a) effect of dissolved substances, and (b) seasonal variation. 

Hortvet (1) in an article on “The cryoscopy of milk” based 
on his report as Referee on Dairy Products at Convention of 
The Association of Official Agricultural Chemists, Washington, 
D. C., 1920 has made an exhaustive search of the literature 
on the subject. About twenty-five references are mentioned. 
These generally agree that the freezing point of normal herd milk 
falls within rather narrow limits, an average being about — 0.55°C. 
One of these investigators states “as a result of tests applied on 
2500 samples in four years that under all conditions milk does 
not vary in freezing point outside the limits of —0.545° and 
—0.565°” (3). Hortvet (4) examined a large number of samples 
of known purity from individual cows and herds. These were 
adulterated with various percentages of water and the amoxmt 

* Eeceived for pubiication April 21, 1925. 
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determined by the eryoscopic method. His vork shows that 
when the original freezing point is known, the amount of water 
added may be detected within 0.5 per cent. However, when 
—0.55° is taken as the freezing point, the added water was de- 
tected within less than 3 per cent. 

Since the above mentioned report, several articles have been 
published (5, 6, 7) dealing largely vdth apparatus, precautions, 
effect of acidity and disease on detection of added water by this 
method. However, no mention is made of the effect of solutions 
with dissolved materials and the detection of the added water 
by the cryoscope. 

In this vrork, the standard Hortvet cryoscope was used. The 
thermometer was standardized by the Bureau of Standards 
Sugar Solution Method recommended by Hortvet (8). Read- 
ings were made with a telescopic thermometer reader. The 
stirring was accomplished with a mechanical stirring device with 
an up and down morion delivering a stroke about once per 
second. All samples of milk were iced as soon as received. 

I. INORGANIC SALTS AND SUCROSE AS A FACTOR 

Since the depression of the freezing point of a liquid depends 
upon the number of particles in solution in the liquid, it ■would 
seem to follow that the accuracy of this method 'when applied 
for the purpose of detecting watering in milk would depend upon 
whether the water added was pure or a hard water containing 
considerable amounts of the mineral salts in solution. In other 
words, would the salts dissolved in a hard water overcome to a 
certain extent the effect of the added water? If this were the 
case, it would be possible to add an appreciable amount of such 
a water without causing too great a change in the freezing point. 

An examination of the waters of Iowa (9) show many waters 
of a considerable degree of hardness. Some run as high as 9000 
parts per million of dissolved minerals while values ranging from 
3000 to 6000 parts per million are not at all uncommon. In 
order to determine the effect of such waters when added to milk 
on the freezing point of the milk, a water containing 1300 parts 
per million was added to the extent of 10 per cent. This 'Water 
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when frozen against distilled water gave a freezing point which 
averaged consistently 0.02° lower. When distilled water was 
diluted with 10 per cent of this water, the freezing point was 
consistently 0.002°C. lower. Milk, when diluted with 10 per 
cent of this water, gave the same freezing point as milk diluted 
with 10 per cent distilled water. Table 1 shows these results. 

From these data, we may conclude that waters with consider- 
able dissolved minerals may be added to milk and that the salts 
present will not be effective towards changing the freezing point 
as determined by the cryoscope. 


TABLE 1 


OBIGINAL yUEBZlNG POIJTTS 

OF fresh milk 

FREEZING POINTS OF MILK 

10 PER CENT VOLUME 

OP DISTILLED HaO 

FREEZING POINTS OF MILK 
diluted with 10 PER CENT 

VOLUME W^iTEB 

-0,543 

-0.486 

-0.48 

-0,555 

-0.495 

-0.495 

-0.551 

-0.495 

-0.495 

-0.5507 i 

-0.518 

-0.5IS5 

-0.554 

-0.496 

1 -0.496 


-0.523 

-0.523’^ 

-0.559 i 

—0.4955 

-0.496 

-0.560 

-0.500 

-0.5005 


^ Font determinations were made on this sample without any variation of the 
freezing point. 


The next step was the determination of the concentration of 
dissolved material necessary to become effective in varying 
the freezing point of milk and the relative effectiveness of differ- 
ent concentrations in overcoming the effect of added water. 
Several different solutions were used in the investigation of 
which magnesium chloride and sucrose solutions will be used to 
illustrate the results. 

The various concentrations of solutions were based on calcu- 
lations from Winter’s formula, 

(« - to 100 


where W is the percentage of added water, t is the freezing 
point of original milk and t' is the freezing point of the adulterated 
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sample. Not kaowing wiiat the freezing points of the original 
milks "would be, — 0.66°C. was taken arbitrarily for the value 
of t. With this as an arbitrary value for t, if i were 0.0275, 
then W equals 5, if i — t' were 0.055, then TF becomes 10, etc. 
When the various concentrations of salts in solution were frozen 
and the depressions mserted in the formula for t — t', W was 
calculated and called the “water equivalent” because it was 
assumed when these solutions were added to milk that the 

TABLE 2 


Effect of added magnesium chloride solutions 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

m 

MOllA.B 

CONCENTKA.- 

TION 

EXPBBIMENTAX. 

PBEEZINQ 

POINTS 

depression 

OF SOLUTION 

WATER EQUIVA- 
LENT BY 

((-nioo 

CALCULATED 
WATER EQUIVA- 
LENT OF 10 PEE 
CENT VOLUME 

MOLAR CONCEN- 
TRATION OP 

MgCIa • 6H2O in 

apparent per 
CENT WATER 
PRESENT 

^ _ (t - f) IDO 

IF.. f 

ADDED TO 
MILK 

10 PEE CENT 





0.0000 i 

(Distilled ^ 






HjO) 

10.1 

0.00985 


7.2 

0.72 

0.000985 

10.1 

0.0295 



i 

0.00295 

8.2 

0.0920 

0.240 

43.6 

I 4.36 

0.00492 

5.9 

0.0690 

0.330 

60.0 

6.00 


4.5 

0.0887 

0.419 

76.2 

7.62 

0.00887 

3.14 

0.108 

0,513 

93.2 

9.32 

0.0108 

0.88 

0.128 

0.601 

109.3 

10.93 

0.0128 

- 0.17 

0.148 

0.686 

124.7 

12.47 

0.0148 

- 2.1 

0.167 

0.792 

144.0 

14.40 

0.0167 

- 3.5 

0.187 

0.872 

158.5 

15.85 

0.0187 

- 5.2 


presence of the salt would cause a depression in the freezing 
point of the mixture which would compensate for the rise of 
freezing point caused by W amount of water added. 

Assuming complete ionization for MgCh'GHsO, the following 
solutions were made up giving the various freezing point de- 
pressions found in column (2) of table 2. The different “water 
equivalents” as determined by 

(« - t') 100 
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where t is 0.55°, are found in column 3. The “water equivalent” 
values in coluiiai 6 were secured by diluting the milk with a 
10 per cent volume of the magnesium chloride solutions. These 
dilutions were tbnen frozen and the amount of water present was 
calculated by use of the Winter’s formula. Figure 1 was plot- 
ted from these d.ata. 

In making fignire 1 the data in coliunn 5, table 2, was used 
for the ordinate while the values in column 6 were used for the 
abscissa. In eal«culating the values for column 6, the exact freez- 



pmm wKia wDicmo 


ing points of tie original milk was substituted for t in Winter’s 
formula. It should be noted that the smallest concentration 
of salt was not effective in lowering the higher freezing point 
of the adulterated milk since it froze at the same point as when 
10 per cent distilled water was added. This concentration was 
equivalent to 11519 parts per million of dissolved magnesium 
chloride and slaould have counteracted the effect of 0.72 per 
cent of added water. 

The next couocentration of salt was effective inasmuch as it 
counteracted tl.e effect of 1.9 per cent added water. This 
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concentration was equivalent to 3189 parts per million of dis- 
solved material. A gradual lowering of freezing point continues 
until the salt is effective in overcoming completely the 10 per 
cent volume of water present from the solution. Additional 
concentrations lower the freezing point below that of the original 
milk and when calculated by the formula show a negative pres- 
ence of water. 

The largest concentration of salt should have been equivalent 
to 15.85 per cent added water according to column 4 and it 

TABLE 3 


Effect of added sucrose solutions 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

MOLAB 

CONCENTBA- 

tnoN 

CALCULATED 

FREEZING 

POINTS 

DEPRESSION 

CALCULATED 

EQUIVALENT 

OP H 2 O 

(i-i')JOO 
i i 

MOLAB CONCEN- 
TRATION OP 
SUCROSE SOLU- 
TION IN MILK 
DILUTED 10 
PER CENT 

CALCULATED 
WATER EQUIVA- 
LENT OP 10 PER 
! CENT VOLUME 
ADDED TO 

1 MILK 

APPARENT PER 
CENT WATER 
PRESENT 

(t - f) 100 


X. 


0.0000 






(Distilled 

HjO) 


10.4 

0.01479 

\ 0.0275 

5 

0.001479 

0.5 

10.4 

0.0444 

1 0.055 

15 

0.00444 

1.5 

9.2 

0.0739 

0.110 

i 25 

0.00739 

2.5 

7.6 

0.1035 

0,165 

35 

0.01035 i 

3.5 

5.2 

0.1330 


45 

0.01330 

4.5 

4.5 

0.1627 

0.275 

55 

0.01627 i 

5.5 

3.0 

0.1922 

0.330 

65 

0.01922 

6.5 

2.6 

0.2218 

0.385 

75 

0.02218 

7.5 

1.7 

0-2514 

0.440 

85 ! 

0.02514 

8.5 

1.25 

0.2809 ^ 

0.495 i 

95 1 

0.02809 

9.5 

-0.5 


should be noted from column 6 that a negative depression 
equivalent to 5.2 per cent was secured, which when added to 
10.1, the amount of water present, makes a total of 15.3 per cent 
water. This agrees quite well with the predictions. 

It should be added here that the second concentration of milk 
and salt solution tasted decidedly salty. 

Table 3 is similar to table 2 excepting that the freezing points 
depressions (column 2) of the various sucrose solutions were not 
obtained experimentally. These values were calculated on the 
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assumption that one molar weight of the sucrose in a liter solu- 
tion would lower the freezing point 1.86°C. Using the calcu- 
lated depressions in colunrn 2, the equivalent water values found 
in column 3 were calculated by use of Wiater’s formula using 
0.55 fori. 



PLRCENT \All\m INDICmO 


To make figure 2 , the values in cohunn 4, table 3, were used 
as the abscissa and those in column 6 as the ordinate. Again, 
it should be noted that the first concentration of sucrose was not 
effective in overcoming the effect of the water from the solution 
since it gave the same freezing point as when 10.4 per cent volume 
of distilled water was added. This concentration of sucrose is 
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equivalent to 5060 parts per million of dissolved material. The 
next larger concentration is equivalent to 15,180 parts per 


TABLE 4 


DATE 

1924 

OBIGINAD 
FREEZING 
POINT OF 

mils: 

FREEZING 
POINT OF MILK 
and 10 PER 
CENT BY 
VOLUME OF 
DISTILLED 
WATER 

CALCULATED 
PEB CENT 

H2O BY 

^ _ (f - 0 100 

CALCULATED 

PEB CENT 

H 3 O BY 

Tw (0.55 - f) 100 
0.55 

pH 



Group A 

(Guernsey herd) 


4-26 

- 0.546 

- 0.489 

10.4 

10.3 


5-1 

i - 0.544 

- 0.483 

11.9 

1 11.1 


5-6 

- 0.555 

- 0.495 

11.2 

10.9 


5-7 

1 - 0.553 




6.604 

5-8 

: - 0.543 

1 - 0.486 

10.5 

10.3 

6.689 

5-20 

i - 0.553 

- 0.491 

11.2 

11.2 

6.532 

5-21 

- 0.560 




6.638 

6-11 

! - 0.5507 





6-12 

- 0.5448 

- 0.488 

10.4 

10.3 


6-13 

- 0.5527 




6.531 

6-15 

- 0.5695 




6.276 

Group B (2 Jerse^^s) 

6-24 



10.11 

10.1 

6.5 

6-25 

- 0.554 

- 0.496 1 

10.47 

10.5 

6.503 

6-27 

- 0.559 

- 0.496 

11.3 

11.4 

6.57 

6-28 

- 0.561 

- 0.500 

10.87 

11.1 

6.65 

6-30 I 

- 0.557 

- 0.495 

11.13 

11.3 

6.56 

7-5 

— 0.555 




6.53 

7-7 ^ 

- 0.5586 

- 0.503 

10.02 

10.1 

6.59 

7-9 

-0.672 

-0.512 

10.5 

10.9 

6.55 

7-10 

- 0.562 

- 0.498 

11.3 

11.5 

6.61 

7-12 

- 0.563 ^ 

-0.506 

10.1 

10.4 


7-14 

- 0.557 

- 0.500 

10.2 

10.3 


7-15 

- 0.563 

- 0.504 

10.5 

10.7 


7-24 

- 0.578 

- 0.517 

10.6 

11.1 


8-19 

- 0.572 

- 0.514 

10.6 

10.5 


8-21 

- 0.578 

- 0.516 

10.7 

11.2 


8-26 

- 0.578 

- 0.518 

10.4 

10.9 



million and by calculation should have overcome the effect of 1.5 
per cent added water. Experimentally, it succeeded in counter- 
acting the effect of 1.2 per cent of added water. Addition of 
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larger concentrations caused the freezing point to lower until 
that of the original was reached, successfully counteracting the 
effect of the 10.4 volume of the water added. 

Explanation of these phenomena may be found in the adsorp- 
tion theory. However, this is a subject for further investigation, 
which is being carried on at the present time. 


II. SEASONAL VAEIATION AS A FACTOR 

Work was done on milk from two known sources and covering 
a period of four months from April 26 to August 26. Source 



A in table 4 was a Guernsey herd and was used frona April 26 
to June 15. Source B was a herd of two Jerseys and was con- 
tinued until August 26. Samples were packed in ice as soon as 
received. Table 4 is a record of these results and figure 3 is 
made from some of the data in this table. 

Figure 3 was made by plotting the freezing points of the 
original milk as the ordinate against the time of season as ab- 
scissa. It seems to indicate rather clearly that there is a tend- 
ency for the freeziag point to lower as the season advances. 
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There is a considerable fluctnation in the freezing points of the 
samples from group A but group B is much more consistent and 
shows a distinct tendency to lower as the season advances. 
pH values were determined on a number of the samples from both 
herds. An examination of the data in table 4 will sho’w that 
there is no correlation between them and the lowering of the 
freezing point as the season progresses. An explanation for the 
seasonal change may be due to a change in food. This ex- 
planation disagrees in part with some of the data collected by 
Hortvet (1) . In this paper the work of one investigator is summed 
up in the following generalization: 

Milk, freshly dra\TO, from any variety cow, whether high or low breed, 
from whatever region of the country, from animals in stable or in pas- 
ture, whether poorly or substantially fed, whether drawn from a period 
near or remote from parturition, in winter or summer, morning or even- 
ing, whether the yield be scant or abundant, has a definite freezing point 
which varies but little around— 0.550° although under various influences 
the chemical composition changes in enormous proportions. 

Our data indicate that there is a consistent change in the 
freezing pomt during change of seasons. 

III. CONCLUSIONS 

The work on the factors affecting the freezing point of milk 
as determined by the cryoscopic method may be summed up 
as follows: (a) Equal volumes of distiUed water and natural 
water of considerable hardness when added to milk give the 
same freezing point depression as detected by the cryoscopic 
method, (b) Magnesium chloride solutions containing at least 
1519 parts per million may be added to milk without affecting 
the detection of the water in the solution by the cryoscopic 
method. Concentrations as great as 3189 parts per million 
counteract the effect of 1.9 per cent added. Greater concentra- 
tions counteract correspondingly greater quantities of water, 
(c) Concentrations of sucrose in solution as great as 5060 parte 
per million may be added to milk without affecting the detection 
of the water of the solution by the cryoscopic method; 15,180 
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parts per million counteracted th.e effect of 1.2 per cent added 
water, (d) There is a tendency for the freezing point of milk 
from the same herd to lower as the season advances from spring 
through the summer, (e) There is no correlation between the 
pH values and the freezing points of the milk during these 
seasons. 
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A QUANTITATIVE FORM OF EXPRESSING PERSIST- 
ENCY OF MILK OR FAT SECRETION* 

C. W. TURNER 

Department of Dairy Husbandry, University of Missouri, Columbia, Missouri 

It has been shown by work at this Station (1) that the secretion 
of milk and fat during the course of the lactation period rises for 
a time, reaches a maximum, and then gradually declines. It was 
pointed out that the rise in milk secretion becomes less and less 
as it approaches the maximum and the decline in this rise is 
exponential. After the maximmn period of milk secretion, the 
curve of production declines and also follows an exponential law. 

The exponential law, called by Lord Kelvin, the compound 
interest law which was found to express the change in the rate 
of milk secretion during the lactation period may be stated for 
oxir purpose as follows: When all other conditions are uniform 
the monthly milk or fat production during the lactation period 
after the maximum is passed, is a constant percentage of the pre- 
ceeding month’s production. 

This law holds true to a remarkable degree with non-pregnant 
cows, but in the case of pregnant cows there is a more rapid de- 
cline dming the last four months of pregnancy (2). This factor 
as well as seasonal changes of environmental temperature, nu- 
trition, and management may cause slight changes in the rate of 
decline of milk and fat secreted (3). 

The fact that the rate of increase and of decline of milk and fat 
secretion follows this important law of nature is of great value in 
the proper analysis of experimental results where milk and fat 
secretion is used as a criteria. 

The purpose of this paper is to illustrate how this law may be 
employed in expressing, in a quantitative form, the persistency 
of milk or fat secretion of the dairy cow and its application to the 
analysis of experimental data. 

^ Received for publication November 7, 1925. 
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As indicated by the statement of the law, the percentage de- 
cline in milk flow from month to month should be fairly constant. 
However, some slight variations usually occur and therefore the 
best quantitative index of the persistency of production is the 
average per cent of persistency of secretion during the decline of 
milk flow. The method of calculating the average persistency of 
the group of non-pregnant cows will be used as an illustration of 
this method. 

The milk production for the month of maximum production was 
1052 pounds while the following month was 998 pounds. The 
percentage of the previous month’s production may be obtained 


TABUS 1 

Persistency of milk secretion of non-pregnant cows 


MONTH OF LACTATION 

NUMBEE ANIMALS 

MONTHLY 

milk: peodvction 

PERCENTAGE OF 
PEEVIOirS month’s 
MILK PRODUCTION 

(persistency index) 

2 

920 i 

1052 


3 

912 

998 

94.86 

4 

923 

938 

93.98 

5 

914 

879 

93.71 

6 

917 

833 

94.76 

7 

912 

792 

95.07 

8 

904 

752 

94.94 

9 

905 

715 

95.07 

10 

906 

676 

94.54 

11 

852 

650 

96.15 

12 

653 

617 

94.92 

Average 

94.80 




by dividing each month’s production by the production of the 
preceding month. Thus, 

998 

X 100 == 94.86 percentage of previous montli’s production 

luOiS 

The results are shown in table 1. 

The average persistency index of this group of cows was 94.8 
per cent. The persistency of fat secretion during the lactation 
period can be determined in a similar way. Due to the fact that 
the per cent of fat increases during the lactation as the milk 
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flow declines, the persistency of fat secretion is greater than is the 
persistency of milk secretion. In comparing indi\iduals or groups 
of individuals it is important that comparisons be made only of 
either one or the other and not confuse persistency of milk secre- 
tion with persistency of fat secretion. 

As working hypothesis it is assumed that each cow inherits a 
definite maximum persistency of secretion. Under favorable 
conditions she may closely approach her inheritance as regards 
this character but with poor feed and management, her potential 
persistency of secretion may not be fully expressed and the per- 
sistency index will be low. 

One indication that there is a definite upper limit in the per- 
sistency of secretion is shown by the fact that overfeeding will 
not increase the persistency of secretion (4). The surplus nu- 
trients consumed are stored on the body as indicated by an in- 
crease in live weight. 

Having shown that the persistency of secretion is remarkably 
constant under controlled conditions, it may be used as a guide in 
evaluating the effect of unfavorable conditions on milk secretion. 
For example, in the case of the effect of pregnancy on the secre- 
tion of milk, it was noted that when cows are bred the third and 
fourth months of lactation, the last three months of lactation 
show a greater decline than the previous month’s decline. This 
indicates the extent of the effect of pregnancy on m i l k secretion. 
At the same time it shows that these last months can not fairly 
be included in determining the average persistency index. 

The frequency of milking is another factor which would affect 
the average persistency index of the dairy cow. Quantitative 
data on the effect of four, three, and two times a day milking on 
the persistency index will be of great value. However, unless 
the same cows are used in each classification, there will be danger 
of getting a more persistent group of animals in the classes with 
the greatest frequency of milking. 

From the preceding discussion it will be seen that there are two 
factors in operation. To obtain a persistency index which wil 
best represent the inheritance of the animal for persistency of 
milk secretion, it is necessary to exclude that part of the lactation 
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wMch is markedly influenced by environmental factors which 
may be noted by marked deAuation from the average. On the 
other hand, the amoimt of deviation from the average is an excel- 
lent index of the effect of environmental factors of various kinds 
on milk secretion. 

BELATION BETWEEN MAXIMUM MONTH’S PRODUCTION AND TOTAL 

PRODUCTION 

The two factors chiefly concerned in total milk and fat produc- 
tion are the yield during the maximum month (a month is used as 
a convenient unit) and the persistency of production or the rate 
of decline. At a given maximum month’s production, the cause 
of variations in total yield of milk or fat are due to the variations 
in the rate of decline. This being true, it is possible to obtain 
an index of persistency by determining the ratio between the 
total yearly milk or fat production and the maximum month’s 
production. For example, if the total yearly production were 
600 pounds of fat and the fat production during the maximum 
month were 60 pounds, then the ratio would be 12. This 
would mean that each month’s production was, on the average, 
50 pounds of fat and that the cow was 100 per cent persistent. 
In other words, a ratio of 12 for a yearly record would be equiva- 
lent to 100 per cent of persistency. For a ten months or three- 
himdred-and-five-day record, a ratio of 10 would be equivalent 
to 100 per cent persistency. 

In order to interpret, in terms of persistency, ratios obtained 
which are less than 12 or 10 as the case may be, table 2 was pre- 
pared. It shows the rate of decline of fat production with vary- 
ing percentages of persistency. Taking 100 pounds of fat as the 
maximum for the second month, the fat secreted each month with 
varjdng rates of decline in persistency from 100 per cent down to 
85 per cent are presented. A slight possible error, may be in- 
troduced by assuming that the first and third months would be 
similar. It was used because there are indications that a close 
relation exists between the rate of increase of milk secretion and 
the rate of decline of milk secretion during the lactation period. 

The total yield of fat for the ten months and also for the year 
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Ea«oof—i^^— 12.00 11.43 10.94 10.45 10.00 9.57 9.16 8.78 8.42 

maximum 
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are given with the ratio of the total fat production for the period 
to the maximum month’s production. These results are plotted 
in figure 1. From the figure it is possible to determine the per- 



Fig. 1. Eelatiok Between Pbbsistency oe Fat Secretion in Per Cent anb 
THE Persistency Index Ratio 

It was plotted from the data in table 2. The persistency index ratio is the 
relation between the maximum month’s fat production and the total fat pro- 
duction. The persistency of fat secretion in per cent is obtained by dividing each 
month’s production by the production of the preceding month. 

centage of persistency^ from any given value for the ratio either 
of the ten months or years production. For example, a ratio 
of 9.6 for a y^early record is equivalent to 95.1 per cent of persist- 
ency, a ratio of 10.8 is equivalent to 97.8 per cent. For a ten- 
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months production, a ratio of 9.2 is equivalent to 97.7 per cent 
of persistenej^ 

THE PKEBICTIOK OF TOTAL PEODUCTIOX 

The relation of the maximum month’s production and persist- 
ency of secretion to total yearly production may he used in pre- 
dicting total yearly production from the first part of the record. 
The accuracy of the method depends on the uniformity of the 
rate of decline of milk secretion. If the emuronmental conditions 
are favorable and the decline in production is fairlj’ uniform, an 


TABLE 3 



DAYS 

POUNDS 

PA.T 

PEBCENTAGE OF PREVIOUS 
month’s PRODUCTION 

January 

17 

54.75 

1 

February 

28 

106.40 


March 

31 

102.28 

99.5 

April 

30 

100.68 

98.4 

May 

31 

102,46 

101.7 

June. 

' 30 

92.74 

90.5 

July 

1 

31 

94.35 

(Ave. 4 months^ 97.5) 
101.7 

August 

31 

85.36 

90.4 

September 

30 

75.02 

(Aye. 6 months, 97.0) 
87,8 

October 

31 

72.32 

96.3 

November i 

SO 

70.98 

98.1 

December. 

31 : 

73.34 

103.3 

January 

14 

33.45 i 





1,064.12 

96.77 (ave.) 


accurate prediction can be made. The method can be illustrated 
by the record of a 1000-pound cow selected at random (table 3). 

Let us assume first that only the first four months (after the 
maximum) are known. To estimate the total production, it is 
first necessary to determine the average persistency index during 
this period (obtained by determining the percentage of the pre- 
vious production month by month) . In this case it is 97.6. The 
persistency index is converted to the corresponding ratio by 
reference to figure 1. The ratio of 97.6 is 10.6. The ratio is 
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then multiplied by the production during the maximum, month 
resulting in the estimated total yearly production. Thus, 

106.4 X 10.6 = 1127.8 pounds of fat 

Eeferring to the actual production, 1064 pounds of fat, the 
estimated production is found to be 6 per cent too high. If the 
first six months are used, the estimated production would be 
1106.6 pounds of fat or 4 per cent too high. 

VAEIATION IX PEESISTENCT OF DAIEY COWS 

To obtain an idea of the variation in the persistency of dairy 
cows, table 4 is presented. The relation between the maximum 
month and total yearly production is shown. It will be noted 
that there is considerable range in yearly production with cows 
producing the same amount of fat during their maximum month. 
As an illustration, the total production of the cows averaging 
52.5 pounds of fat during their maximum month may be cited. 
It will be seen that the extremes of production are 363 pounds and 
663 pounds, a difference of 300 pounds of fat. It is hardly con- 
ceivable that persistency would cause such a large difference. 
The numbers of these cows is limited. However, 113 cows or 
12.2 per cent of the 928 cows in the group produced less than 425 
pounds of fat, 209 cows or 22.5 per cent produced less than 450 
pounds, 334 cows or 35.9 per cent produced less than 475 pounds 
of fat and 470 cows or 50.6 per cent produced less than 500 pounds 
of fat. On the other hand, 56 cows or 6 per cent produced above 
575 pounds of fat, 151 or 16.3 per cent produced above 550 pounds 
of fat, and 283 cows or 30.5 per cent produced above 525 pounds 
of fat. There is a variation of more tha 100 pounds of fat by 56 
per cent of the animals hamng an average month’s maximunn fat 
production of 52.5 pounds. The importance of persistency of 
production as related to total yearly production is str ikin gly 
shown. It also illustrates the importance of having a quantita- 
tive method of expressing this important characteristic. 
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Coirelation coefficient 0.761 d= 0.004. 
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USES FOE FEBSISTENCY INDEX 

In comparative feeding trials it is important to determine the 
persistency of production (as indicated by previous lactations) 
of each cow and so group the lots of cows as to include animals of 
similar persistency in each lot. It seems possible that by increas- 
ing the sizes of the lots of cows and selecting the lots of cows care- 
fully on the basis of their persistency of secretion, that continuous 
feeding trials without reversal would be practical. The effect 
of long continued experiments in which the effect of the previous 
feed would be eliminated as a factor are highly desirable. This 
would biing feeding trials of dairy cattle to a more exact basis 
and would be similar to the present method of feeding experi- 
ments with small animals ■with growth and reproduction as an 
index of the nutritive completeness of the feeds in question. 

Are certain rations more efficient in maintaining the persistency 
of production of milk and fat, and pennitting normal reproduc- 
tion? The answer to this question can only be obtained by long 
continued, non-reversed feeding trials with cows evenly grouped 
according to their persistency of production in addition to the 
usual factors considered. The influence of various systems of 
management on persistency of production may also be studied. 

From the standpoint of improvement of the milk and fat 
producing capacity of dairy cattle, the persistency index gives a 
quantitative value for persistencj^ which can be used as a guide 
in the selection of breeding stock. Heretofore, the qualitative 
expression has been that a certain cow was persistent or that 
another lacked persistency, but this method enables one to say 
in a quantitative form that a cow is 97 per cent persistent or 93 
per cent persistent as the case may be. The tremendous effect 
of persistency on the total yield of milk and fat which was shown 
in this paper, clearly indicates the need of considering persistency 
in the selection of breeding stock. 

SHOBT-TIME TEST LACKS PEBSISTBNCY INDEX 

There has been much discussion of the merits and demerits of 
the short time test during the past few years. It appears to the 
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writer that the greatest criticism, of such a short test is that it 
does not furnish an index of the persistency of the cow. If these 
two eharacteristies are not inherited together (high maximum 
production and persistency of production) and there is much 
evidence that such is not the case/ then continued selection for 
high maximum production is sooner or later going to produce 
cows excelling in the production of milk for a short tune but lack- 
ing in the ability to continue that production for a full lactation 
period. The effect of such a course would be to materially de- 
crease long time production. 

RELATION OP CONFORMATION TO PEOnUCTION 

The question of conformation or type and production is one 
that has been much discussed but is a problem that has received 
little serious attention. Recently there has been an attempt to 
dete rmin e the relation between various external measurements 
and production. It seems reasonable that there should be a 
fairly close relation between a combination of these measurements 
and maximum production (seven to thirty days) because size of 
body and udder are needed for large production. Persistency 
of production, which so \dtally influences long-time production, 
has few if any external signs by which its presence or absence may 
be indicated. For this reason it would appear that conformation 
can not bear a closer relation to yearly production than to 
maximum production. 


SUMMARY 

1. '^’hen all other conditions are uniform, the monthly milk 
or fat production during the lactation period after the maximum 
is passed, is a constant percentage of the preceding month's 
production. 

2. Pregnancy, seasonal changes of environmental temperature, 
nutrition, and management may cause slight changes in the rate 
of decline of milk and fat secreted. 

1 An examination of table 4 shows that persistency of production and maximnni 
of production are not closely correlated. Both low and high maxiDttnii!i production 
are found with low persistency and the same is true of high persistency. 
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3. Two metliods for the quantitative determination of persist- 
ency of milk secretion are explained with a discussion of their 
relative merits. 

4. The use of a combination of these methods in predicting 
total yearly production from the first part of the record by the 
use of the maximum month’s yield and the persistency of pro- 
duction shown during that period was illustrated. 

5. The uses of a quantitative index for persistency of secretion 
of milk or fat by dairy cattle in relation to problems of breeding, 
feeding, and management were indicated. 
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INCEEASED PEODUCING ABILITY IN DAIRY COWS 
DUE TO TEST CONDITIONS* 


M. H. POHRMAN 

Dairy Cattle Breeding Investigations j Bureau of Dairying^ United States Depart’^ 
meni of AgriculturOj Washington^ D. C, 

Men who have handled large herds of cattle where official 
testing is carried on are generally close observers, and the state- 
ment has been made that when cows or heifers are placed on 
test they usually show development and increased producing 
ability as a result of the feeding and handling they receive dur- 
ing the period of the test. It would appear to be difficult to 
calculate the amount of development which might be attributed 
to the changed conditions surrounding the cow wMle on test, 
but a recent study of Guernsey and Jersey records throws some 
light on this matter. 

It was originally planned to study the effect of age on produc- 
tion of butterfat by using only records of the cows having two 
or more tests. The thought was that the first record measured 
the cow’s ability at a certain age, and the second record showed 
her ability at a later age. The difference would appear to be 
due to the increase in age between the tests. That this was 
not true was revealed when no indication was formd showing 
when increasing age failed to improve production. It did not 
seem logical that age alone could be the cause of this continued 
improvement in the producing ability of cows after they had 
reached maturity, and for this reason the data were studied 
in a different manner. 

Assuming that there was another factor besides age to be 
considered, the re-entry records were laid aside, and the initial 
records alone were sorted according to the ages at which the 
records were made. This gave the average production for 
initial-record cows at various ages, and since none of these were 
re-entry records the resulting averages for various age grou|^ 

• Received for publication August 12, 1925. 
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indicated the change in production brought about by age alone. 
Using these figures as a basis of the relationship of records of 
different ages, it was possible to adjust records to a comparable 
basis. 


TABLE 1 


Coniparison of average initial and retest records of Jersey cows with initial records 
made while two to tivo and one-half years old 



AVEBAOE 

ATEBAOR EE-EKTRY 




WrMBEH 

INITIAL 

BL'TTERFAT 

RECORD 

INCREASE 

PORTION OP RE-ENTRY 
RECORD DUE TO 
DEVELOPMENT 

or cows 

SECOR'D M.'LBB 
AT 2 TO 21- 
TEAES OLO 

Age when 
made 

Butterfat 

DUE TO AGE 


pounds 

gears 

pounds 

P0U7lds 

pounds 

per cent* 

o 

Cl 

384 

3 - 3 -i 

475 

37 

55 

11.5 

CIS 

395 

3|-4 

494 

59 

40 

8.1 

IGS 

367 

4 - 4| 

496 

72 

57 

11.5 

152 

391 

4|- 5 

553 

92 

70 

12.7 

105 

38S 

5 - 5| 

535 

94 

53 

9.9 

91 

375 

5 -^ G 

570 

103 

92 

16.1 

64 

381 

6 - 6J 

548 

108 

59 

10.8 

43 

382 

6|- 7 

561 

108 

71 

12.7 

36 

365 

7-74 

563 

1 103 

95 

16.9 

35 

306 ! 

74- 8 

567 

104 

97 

17.1 

13 

364 ; 

8 - SI- 

589 

1 103 

122 

20.7 

12 

332 : 

SI- 9 

549 

i 94 

123 

22.4 

3 

322 

9-91 

441 

91 

28 

6.4 

6 

363 

9|-i0 

632 

102 

167 

26.4 

2 

279 1 

10 -101 

490 

79 

132 

26.9 

2 

393 

11 -111 

732 

95 

244 

33.3 

2 

365 

13 -134 

528 

88 

75 

14.2 

1 

396 

141-15 

587 

57 

114 

20.1 

1 

396 

154-16 

683 

57 

230 

33.7 


* Weighted average per cent of this group is 11.9, 


The study of the cows with two or more records was then 
resumed, and all records grouped accor ding to ages. Then 
the animals with yearling records were regrouped according 
to the ages at which they were retested. In a like manner 
those with initial records made as junior two-year-olds, senior 
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two-year-olds, jimior three-year-olds, etc., were sorted. The 
average initial record of each subgroup of cows was compared 
with the average initial record of all cows of the same age as 
previously determined. The next step was to calculate a record 
for these same cows at the age at which they were retested. 
This was done by adjusting the average initial record for that 

TABLE 2 


Comparison of amrage ‘Initial and retest records of Guernsey cows with initial records 
made while two to two and one^half years old 


XtrMBES 

ATEBAGB 

INITIAL 

BtJTTERFAT 

AVERAGE RE-ENTRY 
RECORD 

INCREASE 

PORTION OF RE-ENTRY 

OF COWS 

RECORB MADE 
AT 2 TO 2§ 
YEARS OLD 

Age when 
made 

Butterfat 

DUE TO AGE 

RECORD DUE TO 
DEVELOPMENT 


pounds 

1/ears 

pounds 

pounds 

i pounds 

percent* 

46 

424 

3 - 3i 

501 

31 

46 

9.2 

106 

449 

3i-4 

546 

54 

43 

7.9 

50 

427 

4 - 4i 

541 

70 

44 

8.1 

70 

435 

4i- 5 

552 

74 

43 

7.8 

36 

418 

s-5i 

596 

91 

87 

14.6 

34 

416 

Sh- 6 

574 

91 

67 

1 11.7 

34 

430 

6 -6J 

600 

93 

77 

12.8 

22 

381 

64- 7 

574 

83 

110 

19.2 

18 1 

406 

7-74 

587 

88 

93 

15.8 

11 

443 

74- s 

620 

97 

80 

12.9 

6 

401 

8-84 

576 

88 

87 

15.1 

10 

402 

8^ 9 

595 

88 

105 

17.6 

2 

390 

9-9i 

637 

85 

162 

25.4 

2 

333 

9-HO 

565 

72 

160 

28.3 

2 

390 

10 -lOi 

541 

85 

66 

12.2 


* Weighted average per cent of this group is 10.7. 


age, as previously determined, up or down in proportion to the 
amoimt by which the average initial record of these cows was 
more or less than the average initial record for all cows of the 
same age. For example, let us assume that a certain group of 
cows which were tested first as jimior two-year-olds received 
their retests as senior three-year-olds. If the average initial 
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record of this group was 102 per cent of the average junior two- 
year-old initial records of all cows, then we may assume that if 
age alone were acting to increase production, when they were 
retested as senior three-year-olds they would still be capable of 
of producing 102 per cent of the average production of all cows 
tested initially as senior three-year-olds. Then 102 per cent 
of the average initial record of senior three-year-old cows would 
be the calculated record of this group at the age they were 
retested. This calculated record was compared with the actual 
retest records, and when these were found to be greater the dif- 
ference was attributed to the development which these cows 
had undergone because of the handling while on previous tests. 

Tables 1 and 2 set forth a detailed analysis of the two sets of 
Jersey and Guernsey cows with initial records as junior tw'O- 
year-olds and later re-entry records. Each subgroup shows 
average re-entry records greater than would be expected if age 
alone were acting to increase the producing ability of these 
animals. 

The study of a total of 1215 pairs of Guernsey records as 
outlined above showed that the average development factor 
for that group of animals was 12.2 per cent of the re-entry 
record. 

Similarly, when 3722 pairs of Jersey records were studied, it 
was found that 11 per cent of the re-entry records of this group of 
animals was due to development. 

The numbers are sufficiently large to make conclusions signi- 
ficant. The Jersey records were apportioned, according to 
ages at which the records were made, into 209 groups; and of 
this number only 23 groups, containing 39 of the total of 3722 
individuals, failed to show a positive result. The Guernseys 
fell into 148 groups, of which only 9 groups, containing a total 
of 14 individuals out of the 1215, did not give a positive develop- 
ment factor. 

Detailed results with complete tables for all groups are shown 
in Department Bulletin No. 1352. 



THE EFFECT OF ENVIRONMEKTAL TEMPERATURE 
ON THE PERCENTAGE OF FAT IN 
COW’S 


W. P. HAYS‘ 

Departtnent of Dairy Husbandry, University of Missouri, Columbia, Missouri 

The great variation in the composition of cow’s milh is a matter 
of common observation. Studies of the causes of this variation, 
with regard to the fat content of milk, are numerous and have 
been summarized by Turner (30) , who states that there are two 
fimdamental causes of the variations. The first is the hereditary 
variation due to the genetic makeup of the breed and individual. 
The second cause appears to be due to physiological changes in 
the animal, caused by such factors as management, environment, 
lactation, reproduction and age. To the second cause Wood- 
ward (33) and Clothier (11) would add feed as a factor, and Eckles 
(12) adds the factor of condition of cow at time of calving. The 
effect of environment, or more specifically, environmental tem- 
perature, is considered in this paper. 

The relation between season of the year and the per cent of 
fat in milk is generally known. It was shown by Eckles (13) in 
1909 from a study of 240 lactation periods of cows in the Missouri 
and Iowa Experiment Station herds. He found that, regardless 
of when the lactation began, the percentage of fat when plotted 
followed a curve for the year, being lowest during Jrme and July 
and gradually rising to the highest point in December and Janu- 
ary, and then declining again till midsummer. 

White and Judkins (32) concur in this opirdon, presenting data 
taken on 49 cows over a period of seven and one-half years. 
They conclude that the milk tests lower in fat content in the 

* Received for publication November 30, 1925. 

^ Submitted in partial fulfillment of the requirements for the degree of Mastet 
of Arts in the graduate school of the University of Missouri, 1^5. The author m 
indebted to Profs. A, G. Ragsdale and Samuel Brody for aid in oufetming' the 
problem and for helpful suggestions and criticisms' in the preparation, of tins 
manuscript. 
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surmner months than it does in the winter months, and that this 
variation is due to seasonal change. 

In further work done at the Missouri station, Ragsdale and 
Turner (28) present data on 3763 Guernsey, 299 Jersey, and 95 
Holstein-Friesian, yearly records made in ofl&cial testing work. 
Their conclusions are identical with those of Eckles. Hooper 
(18) alone takes exception to this belief. From a study of 88 
official Jersey records, one-fourth of them begi n ni n g in each of 
the four seasons of the year, he concludes that “the fat percent- 
age runs lower while the cow is fresh regardless of the time of the 
year she freshens,” and that “there is no indication that the fat 
percentage runs lower in July.” 

In all the work mentioned thus far the season of the calendar 
year was the only division in the data. Eckles, however, sug- 
gested that the temperature, which of course changes with the 
season, might be a possible cause of the variation. Hills (17) as 
early as 1891 conducted two trials using the local creamery butter- 
fat tests of the milk of 30 herds in Vermont during the months of 
May, June, and July, 1891, and July, August and September, 
1892. He says that “The results of both series of tests point 
strongly to the probability that, when cows are put on pasture, 
the per cent of fat rises as the temperature falls, and falls as the 
temperature rises. In other words, the percent of fat in milk 
varies inversely with the temperature changes.” 

There is, of course, a direct relationship between the season of 
the year and the temperature. The knowledge that summer is a 
time for low tests and winter a time for high ones therefore sug- 
gests temperature as a possible cause for the variation. Clothier 
(11) , considering the differences in feeding practices between sum- 
mer and winter seasons in Arizona, finds it “impossible to believe 
that the seasonal variations in butterfat content of milk, observed 
in Arizona, are not due directly to changes in feed;” however, 
ah other workers on this subject suggest temperature as a probable 
cause, and two papers have been presented to show this, where 
attempts were made to control other conditions. 

An early piece of work is reported by Brooks (9). "^ping 
December, January, February, and March, 1895, he conducted an 
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experiment in warming a stable for cows. Records were kept on 
three cows in each of two wings of his dairy bam. One wing w'as 
equipped for hot water heat and kept at a temperature of 55°F. 
The other wing was not artificially heated, but because of the 
good construction, was seldom excessively cold. He stat^ 
“The most certain effect brought out by our experiments is the 
lowering of the per cent of fat in the milk in the w^arm stable.” 

In 1921 Ragsdale and Brody (27) reported a preliminary obser- 
vation on ten cow's, during the months of March and April. 
Their plan was to test out by direct observation the relation 
between the fluctuation of the emironmental temperature and 
the fluctuation of the percentage of fat. March and April are 
months in which a maximum fluctuation in temperature occurs in 
this state. All the controllable conditions, such as feed and 
exercise, were kept approximately uniform throughout the period, 
the object being to record data showing the relation of tempera- 
ture to the percentage of fat in milk, uninfluenced as far as pos- 
sible under usual conditions, by other factors. From their results 
they conclude that there is a relation between temperature and 
the percentage of fat, showing roughly an increase of about 0.2 
per cent in the fat for a decrease of 10°F. in the temperature, 
between the observed temperature limits. 

The daily herd fat tests were recorded against the outdoor 
temperature. However, during stormy days and cool nights, the 
cows were kept in the bam, and while the bam was not heated 
artificially, it was undoubtedly warmer than the outdoor tempera- 
ture. Therefore the reported temperatures were not entirely 
correct for the environmental temperature under which the cows 
were kept. 

DATA ON THE UNIVEKSITY OP MISSOXIBI DAIRY HEED IINDEK 
CONDITIONS OF NOEMAL HEED MANAGEMENT 

Becai^e of the r^ults obtain^ in the preliminary study by 
Ragsdale and Brody (27), more quantitative data were sought, 
eliminating the error already mentioned in that work. Accord- 
ingly, in January, 1924, the recording of data for the entire <Mry 
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herd of the University of Missouri was begun. Composite fat 
tests for all milk produced were taken daily, and a recording 
thermometer was used in obtaining the environmental tempera- 
ture. When the cows were in the bam, the thermometer was 
placed in the barn; and when the cows were out of doors, the 
thermometer was placed out of doors. In this way the error in 
temperature reading, pointed out in the report of Eagsdale and 
Brody, was eliminated. All conditions of feeding, milking, care, 
and management remained normal, and the herd was handled in 
the usual way. Daily data for a period of 258 days was recorded. 
When the average daily temperatures are grouped into 10° inter- 
vals, as in table 1, the relation between the per cent of fat and the 
temperature is clearly shown. 


TABLE 1 

The daihj data grouped into 10-degree intervals of temper ature 


! 

KUMBEE 01* DATS 

AVEEAGE TEMPEEATUBE 

POE GEOEP 

ATEEAGB PEE CENT OF PAT 

7 

86.5 

3.171 

50 1 

79.2 

3.250 

69 

69.6 

3.389 

48 

60.5 

3.481 

38 

49.7 

3.505 

35 

40.1 

3.463 

9 

31.0 

3.465 

2 - 

24,5 

3.600 


The gradual successive rise of the fat percentage in the tem- 
perature groups of 86.5°, 79.2°, 69.6°, 60.5°, 49.7°, and 24.5° 
was expected, but the drop in the 40.1° and 31° groups is unex- 
plainable. 

The 31° group is of little importance because of the small num- 
ber of tests included in this average; and therefore the low aver- 
age test of 3.465 per cent, while distinctly out of line with the 
other tests, may be somewhat discounted. However, in the 40.1° 
group there is a sufficiently large number of tests included, the 
number being 35. An explanation for this low test has not been 
found. 

These data on the entire herd over such a long period of time, 
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■undoubtedly contain some unavoidable errors due to the effect of 
some cows drying up and additional ones freshening throughout 
the year, but on the whole the number of con's of each breed in 
milk remained proportional during the entire period. 

DATA ox TWO cows UNDEB CONTROLLED TEMPERATURE 

CONDITIONS 

In the second part of the experimental -Rmrk herein reported, 
an attempt was made to determine to what extent temperature 
was responsible for the variation in the fat tests, and also how 
much variation per unit change in temperature results. 

The plan was to subject two similar cows to a constant tempera- 
ture, until the percent of fat in the milk seemed at a constant 
level, and then to repeat the operation several times at 10“ 
intervals of temperat'ure, all conditions of nulking and feeding 
remaining normal with the exception that drinking water was 
warmed to the experimental temperature before being offered 
to the cows. 

The experimental animals were two mature Jersey cows as 
nearly alike hi all respects as it was possible to get them. They 
were both in good flesh, and were of approximately the same ner- 
vous disposition. 

For the moderate and warmer temperatures the cows were 
placed in a light, well ventilated room in the dairy barn, away 
from exciting influences. The temperature was regulated by a 
man in constant attendance and made more uniform by an elec- 
tric fan which kept the air in motion. For the coldest tempera- 
tures the cows were placed in a large refrigerator room of a local 
packing house. This room was 50 by 70 by 12 feet in dimensions, 
and was electrically lighted. The cows were kept in a large dry 
compartment, hut because of lack of space only one could be kept 
in the room at a time. It was planned to run trials at 90°, 80°, 
70°, 60°, 60°, 40,° and 30°F., and to skip about from a high tem- 
perature to a low temperature in arranging the order of the trials. 
In this way the effect of acclimatization to any ^ven range of 
temperature was eliminated. Tables 2 to 8 give the detailed 
numerical data on each trial. 
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TABLES 
Trial I 


TMb trial was run in the steam heated room. The planned experimental 
temperature was 90®F. 


DATE (1924) 

ATEBAGffi 

cow 108 

COW 121 

TSMPEKA- 

TUBS 

Pounds 

milk 

Per cent 
fat 

Pounds 

milk 

Per cent 
fat 

November 1 

92.0 

21.1 

7.204 

24.0 

6.420 

November 2, 

91.7 

21.5 

5.750 

23.5 

5.927 

November 3 ! 

91.9 

21.7 

5.284 

23.3 

4.811 

November 4 

92.3 

21.7 

5.078 

25.1 

4.845 

November 5 

93.5 

18.3 


25.9 

4.979 

November 6. 

93.7 

19.1 1 

5.513 

24.6 

5.344 

November 7 

94.8 

18.3 i 

4.685 

24.7 

4.831 

November 8 

92.3 

19.9 

5.155 

20.5 

5-211 





Number days run — 8 

Average temperature 92,7 

Average pounds milk per day per cow 20.8 

Average per cent fat 5.388 

Average per cent fat eliminating first day of trial 5.178 


TABLE 3 


Trial II 

This trial was run in the steam heated room. The planned experimental tem- 
perature was 70®F. 


BATldWi) 

AVEBAGS 

TEMPXKA- 

TUKK 

COW 108 

cow 121 

Poundfl 

milk 

Per cent 
fat 

Pound® 

milk 

Per cent 
fat 


73.0 

19.0 

4.876 

19.5 

5.284 


72.0 

20.2 

5.748 ^ 

18.2 

5.865 


73.6 

19.1 

5.201 : 

19,9 

5.396 


73.3 

21.3 

5.362 ^ 

21.7 

5.002 


71.9 

19.9 

4.541 

22,7 

4.661 


71.3 

22.5 

5.428 

22.9 

4,432 


Number days run. 6 

Average temperature. 72.5 

Average pounds milk daily per cow 20.5 

Average per cent fat 5 . 149 

Average per cent fat eliminating first day of trial 5.163 
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TABLE 4 
Trial in 


TMs triai was run in tlie refrigerator room, one cow at a time. Tlie planned 
experimental temperature was 40°F. 


BATE (1924) 

AVEKAGE 
TEMPERA- 
1 TUBE 

coiy 108 

cow 121 

Pounds 

milk 

Per cent 
fat 

Pounds 

milk 

Per cent 
fat 

November 20 

44.5 

17.1 

5.377 



November 21 

44.0 

19.5 

5.552 



November 22 

44.0 

19.4 

5.756 



November 23 

44.0 

20.9 

, 5.862 



November 24 1 

43.7 

19.4 




November 25 ! 

39.5 

19.9 

6.022 



November 26 

40.5 




4.790 

November 27 

38.0 



21.0 ! 

6.550' 

November 28 ' 

37.5 



21.5 

7.046 

November 29 i 

38.0 




6.390 

November 30 

40.5 



22.0 

6.529 

December 1 

39.0 



19.0 

6.992 

December 2 

36.5 




6.780 


Number days run — average of 6| days for each cow. 


Average temperature for entire period 39.9 

Average pounds milk daily per cow .20.2 

Average per cent fat * . . 6.099 

Average per cent fat eliminating first day of trial 6.283 


TABLE 5 
Trial IV 


This trial was run in the steam heated room. The planned experimental tem- 
perature was 50°F. 


DATE (1924) 

AVERAGE 

TEMPERA- 

TURE 

cow 108 

cow 121 

Pounds 

milk 

Per cent 
fat 

Pounds 

milk 

Per mnt 
fat 

December 3 

52.1 


5.919 


5.884 

December 4 

52.7 


0.754 

21.8 

B.m 

December 5 

51.2 


5.210 

22.4 

5.453 


53.1 

21.0 

5.342 

23.2 

5.5® 

December 7. 

52.7 

19.5 

5.622 

23.6 

5,616 


Number days run S 

Average temperature .52. 3 

Average pounds milk daily per cow. / — . .21.S 

Average per cent fat .5,§4§ 

Average per cent fat eiiminating first day of triai 6. ^ 









226 


W. P. HATS 


In each of these trials it will be noted that the fat test was 
greatly out of line on the first day. A summary was made first 
using every day of each trial and another was made eliminating 

TABLE « 

Trial V 


This trial was run in the steam heated room. The planned experimental tem- 
perature was 60°F. 


DATE (1924) 

AVERAGE 

cow 108 

j cow 121 

TEMPERA- 

TERB 

Pounds 

milk 

Per cent 
fat 

Pounds 

milk 

Per cent 
fat 

December 8 

59.6 

20.5 

5.525 

22.6 

5.835 

December 9 

60.3 

19.6 

5.124 

20.0 

5.204 

December 10 

61.0 

19.6 

5.386 

22.1 

5.409 

December 11. 

62.8 

20.5 

5.412 

23.5 

5.600 



Number days run 4 

Average temperature 60.9 

Average pounds milk daily per cow 21.0 

Average per cent fat 5.424 

Average per cent fat eliminating first day of trial 5.339 


TABLE 7 
Trial VI 


This trial was run in the steam heated room. The planned experimental tem- 
perature was 80°F. 


DATE (1924) 

AVERAGE 

TEMPERA- 

TURE 

cow 108 

cow 121 

Pounds 

milk 

Per cent 
fat 

Pounds 

milk 

Per cent 
fat 

December 13 

79.0 

19.0 

5.415 

23.0 

5.856 

December 14 

80.7 

19.7 

5.007 

23.3 

5.257 

December 15 

SO-5 1 

20.7 

4.598 

23.9 

5.557 

December 16 

79.8 

19.8 

5.015 

23.1 

5.111 


Number days run 4 

Average temperature 80.0 

Average pounds milk daily per cow 21.6 

Average per cent fat 5.227 

Average per cent fat eliminating first day of trial 5.107 


the first day of each trial. The comparisons were very similar 
in each case, however, and for this reason a summary is presented 
in table 9 using every day of every trial. 
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Throiiglioiit the ninidng of these trialsj rectal temperatures 
were taken and the humidity of the compartments was measured 

TABLE 8 
Trial VII 


TJiis trial was run in the steam heated room in very cold weather. The planned 
experimental temperature was 30°F. 


BATE (1924) 

AVEBAGE 

TEMPEBA- 

TUEE 

cow 108 

i 

cow 121 

Pounds 

milk 

Per cent 
fat 

Pounds 

milk 

Per cent 
fat 

December 21 

20.9 

15,0 

8.413 

20.2 

7.341 

December 22 i 

27.0 

15.3 

5.444 

20.5 

5.597 

December 23 i 

36.4 

17.7 

5.446 

20.2 

5.853 

December 24 

29.6 

18.7 

5.139 

19.5 

5.400 

December 25 

21.4 

16.8 

5.594 ! 

20.2 

5.900 


Number days run 5 

Average temperature 27.0 

Average pounds milk daily per cow 18.4 

Average per cent fat 6.012 

Average per cent fat eliminating first day of trial. 5.543 


TABLES 

A summary of all of the controlled temperaiure trials 

The trials are grouped successively by temperature changes in this table to 
show the comparison betw’een fat tests. 


TBXAL 

TOTAIi ISrUMBEB 

OF DAYS 

AVEBAGE 
TEMPEHATOEE FOB 
ENTIRE TBIAD 

AVEBAGE 
POUNDS MILS 
PEB DAT 

AVEBAGE PKB CENT 
FAT FOE ENHBB 
TBIAL 

I 

8 

92.7 

20.8 

5.388 

¥I 

4 

80.0 

21.6 

5.227 

II 

6 

72.5 

20.5 

5.149 

V 

4 

60.9 

21.0 

5.424 

IV 

5 

52,3 

21.3 

5.646 

III 

6| 

39.9 

20.2 


VII 

5 

27.0 

18.4 



using a wet bulb tbermometer. Body temperature of course 
remained normal and tbe relative humidity w^ about what would 
be found under normal average conditions. 
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DISCUSSION OP THE EESULTS 
Regulation of body temperature 

In seeking an explanation for the rather spectacular rise in the 
per cent of fat in milk, attendant upon decreasing environmental 
temperature, the relation between external temperature and body 
temperature is considered. Turner (30), in summarizing the 
factors which influence the per cent of fat in milk, states that 
variations may be brought about by physiological changes in the 
animal caused by emironment. Lusk (22), in discussing the 
regulation of body temperature, points out that in cold-blooded 
animals body temperature varies directly with environment. 
The metabolism is very low at temperatures arormd 4°C., but 
increases rapidly with rising temperature. In warm blooded 
animals the body temperature is maintained at a constant level, 
independent of climatic conditions. This constant is one which 
is most favorable to the activity of nerve and muscle, and it is 
maintained in two ways: 

1. Physical regulation. As the temperature rises the blood 
vessels of the skin become dilated, and heat is radiated from the 
skin. Evaporation of water from the body is also promoted. 
If the emdronmental temperature becomes so high that the physi- 
cal regulation will not cool the body sufiiciently, a supernormal 
temperature ensues and increased metabolism results. 

2. Chemical regulation. In a cooling environment the con- 
traction of the peripheral blood vessels, and the physical regula- 
tion wflll consen^e the animal heat to a certain point. This point 
has been found to be 30°C. (86°F.) in guinea pigs. At this point 
the minimum of metabolism takes place and it is called the criti- 
cal temperature. Below this point the metabolism is increased, 
producing more heat. 

According to Barbour (1), equalization of temperature in the 
body is best attained through a mobile constituent such as water, 
which can circulate rapidly and freely. He mentions “water 
shifting,” from blood to the brain, and vice-versa, as one of the 
factors in physical regulation. Osborne (26), in presenting some 
new aspects of the skin in temperature regulation, states that the 
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skin may be regarded as a gel containing water of imbibition. 
Evaporation of this water can occur independently of the sweat 
gland, and when the air is cold, dry, and in rapid motion, the 
evaporation may be contrary to the metabolic requirements of 
the body. 


The effect of temperature on metabolism 

In the chemical regulation of the body temperature, where more 
of the body tissue must be oxidized to furnish the needed heat, 
the metabolism of the individual is of course affected. Benedict 
(4) says that the basal metabolism of an individual is a function 
of the total mass of active protoplasmic tissue, and the stimulus 
to cell activity, at the time the measurement of the metabolism 
is taken. He mentions, as affecting basal metabolism, body 
weight, surface area, body composition, stimulus to cellular 
activity, sleep, and diurnal variation. Environmental tempera- 
ture may be regarded as a stimulus to cellular activity, as was 
shown by Lusk (22) , and it has a direct bearing upon the metab- 
olism. Lusk quotes Rubner, who showed that extremes of 
temperature, both high and low, caused an increase in the basal 
metabolism, and that in the guinea pig 30°C. (86°F.) was the point 
where minimum metabolism took place. 

Boothby and Sandiford (8), in a review of basal metabolism 
literature, state, “Experiments of Dubois show that an elevation 
of the temperature produces a rise in the metabolic rate of approxi- 
mately 10 per cent for each degree Centigrade above the normal 
body temperature.” Campbell and his associates (10) state that 
metabolism is raised by cool out-of-doors conditions, and that 
shivering is not necessary to raise the metabolism. McConnell 
and his associates (25) carried out a series of experiments with 
hmnan beings to deter m i n e the correlation between metabolism 
and external temperature conditions. They say that, contrary 
to what might be expected, metabolism increases with exposure 
to high temperatures, Enough work has been done to substan- 
tiate this statement, but the relation remains yet to be found. 
Probably the dijEculty in establishing this relation lies in the fact 
that in high temperatures the relative humidity and air movement 
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must be considered. They bave used an “effective temperature” 
scale in studying the effect of heat on body metabolism. It is 
an index of the intensity of the heat felt by the body as a result of 
temperature, humidity, and air movement. Their conclusions 
are: 


1. CO 2 produced and oxygen consumed increase with exposure to 
high and low temperatures. 

2. Heat production increases with exposmre to high and low tem- 
peratures. 

3. There is a zone of minimum metabolism, between 75° and 83° 
effective temperatures, within which basal metaboHsm should be 
measured. 

4. The metabolic rate becomes excessive when the temperature of 
the environment exceeds the body temperature. 

The only work reviewed on the effect of temperature on the 
metabolism of ruminants was by Magee (24). A goat was sub- 
jected to various temperatures, from 30° to 100°F. and the metab- 
olism rate calculated by indirect calorimetry. His conclusions 
were that 

The critical range of temperature for the goat in this work was from 
55° to 70°F. As the temperature falls below 55°F. metabolism ex- 
hibits a slight, gradually increasing, rise, due to the oxidation necessary 
to cope with the increasing heat loss. As the temperature rises above 
70, metabolism shows a pronounced, gradual increase, owing to the 
gradually increasing efforts of the animal to promote heat dissipation 
by panting. 

The relation between the fat content of the blood and the per cent of 

fat in milk 

A theory that the per cent of fat in the milk may have a direct 
relation to the fat content of the blood naturally suggests itself. 
It has long been known that the fat content of the blood may vary 
greatly at times. Bloor (7), in working with dogs, found that, 
with dogs in good flesh, fasting from five to seven days produced a 
marked increase in the fat content of the blood. He states that 
after the first two or three days the fasting organism depends for 
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its support mainly on its fat stores. The increased use of fat 
would tend to increase the blood fat because of the greater 
amount transported. He quotes Schulz as saying that this 
increase may be as much as 50 to 100 per cent over the blood 
fat in animals that are being fed regularly. This increase, how- 
ever, depends upon the nutritional condition of the animals; for, 
while animals in good flesh show the increase, when starved, 
thin animals fail to show it. 

Another result of starving is an increased percentage of fat ha 
the irulk produced. Eckles (12) has shown that when the ration 
of a cow is insufiicient to support her production, she loses weight 
rapidly, evidently drawing upon her body fat, and the test of the 
milk rises. This increase in test, he states, is due to the “trans- 
fer” of fat from the body to the milk, and is most marked imme- 
diately after calving. 

Starvation, then increases the fat content of the blood and also 
of the milk. Gage and Fish (15) supply a link in an explanation 
of the rise in fat content of milk with lowering temperature. 
They fed mammals on fat that had been stained with a fat soluble 
dye (sudan III) and then traced its course through the life proc- 
esses of the animals. The colored fat was found in the blood, 
and later in the milk. In the case of the cat it required but five 
hours to digest, absorb, and deposit the pink fat and to turn a 
part of it into milk fat. With the cow, however, no pink fat 
could be produced in the milk, but this work at least shows that 
the lipoids of the blood are transported and transferred directly 
into the milk. 

It therefore seems reasonable to assume that anything which 
would bring about an increase of the fat or lipoid content of the 
blood would effect a resultant increase in the fat content of the 
milk. It has been shown by Barbour (1), and Lusk (22), and 
others that the hemoglobin, the red blood cell count and the 
viscosity of the blood increase under the influence of cold environ- 
ment. Under the present conceptions, such changes are attrib- 
uted to the fluid concentration of the blood, and if the blood 
becomes more “concentrated” the percentage of each solidus 
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increased accordingly and the fat in the blood is therefore 
increased. 

Low temperatures, then, cause an increase of the fat content of 
blood and this may result in an increased per cent of fat in the 
milk. 


SUMMABY AND CONCLUSIONS 

1. Daily data on the University of Missouri dairy herd for a 
period of 258 days are presented showing the average fat test 
and environmental temperature. The temperatures ranged from 
85.6° to 24.5°T., or a net range of 62°. The average fat tests 
ranged from 3.171 to 3.600 per cent, or a total difference of 0.489 
per cent, and it was generally found that the lower the tempera- 
ture the higher the fat test. This increase in the fat test 
amounted to 0.079 per cent for each 10° lowering of the tempera- 
ture. However, because of the many variables, this result is not 
considered of as much significance as the results of the controlled 
temperature trials. 

2. Seven controlled temperature trials, on two Jersey cows, 
were run at 10° intervals of temperature, with all other conditions 
remaining normal. The range of temperature was from 92.7° 
to 27 °F. When the seven periods were taken as a unit, there 
was a total temperature range of 65.7°, and a total increase in the 
fat test of 0.624 per cent, or an average increase of 0.095 per cent 
for each 10° lowering of the temperature. 

3. In the controlled temperature trials there was a constant 
increase in the per cent of fat as the temperature dropped below 
70°F. From 72.5° to 27° there was a temperature range of 45.5° 
and a total increase of 0.863 per cent fat, or an average increase of 
0.189 per cent fat for each 10° lowering of the temperature. 
This is almost exactly in accord with preliminary studies at this 
Station by Ragsdale and Brody, who reported a rise of 0.2 per 
cent fat for each decrease of 10°F., between the temperature 
units of 70° and 30°F. 

4. Above 70°r., there was an actual increase in the fat test. 
The reason for this is not known, but it is believed to have been 
due to increased metabolism, induced by higher temperature 
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or the result of disturbing the animals by the sudden changes from 
one temperature to another. The latter is indicated by the fact 
that the first day’s test in each trial was abnormally high. When 
these first days were eliminated the increase in the fat test was not 
nearly so pronounced. It would seem that there is a range of 
temperature between 70° and 90°F. within which the lowest test- 
ing milk is produced. A variation in the emironmental tempera- 
ture either way will bring about an increase in the per cent of 
fat in cows milk. 

5. It is believed that the controlled temperature trials are more 
nearly indicative of the effect of environmental temperature on 
the percentage of fat in cows milk than the daily herd averages 
where there were many variables. It is therefore concluded that 
all other conditions remaining constant, there is an increase of 
approximately 0.2 per cent fat in cows milk for each 10“ lowering 
of the temperature within the limits of 70 ° and 30°F. In the 
second part of this experiment all conditions, other than tempera- 
ture were apparently effectively controlled and remained con- 
stant throughout every change in temperature. Temperature, 
then, was the only variable. 

6. It is concluded that temperature is a major factor in the 
seasonal variation of the per cent of fat in cows milk. 
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SOME FACTORS AFFECTIXG THE GROWTH OF 
CERTAIN STRAINS OF P. ROQHEFORTI 
BLUE MOLD. IP 

N. S. GOLDING^ 

UniveTBity of British Columbia, Vancouver, Canada 

The manufacturing process of Roquefort cheese and to a 
lesser extent that of Wensleydale cheese incJ udes the practice of 
salting the curd or cheese (4) (5). The actual percentage of 
salt incorporated in the ripened cheese is shoxvii in table 1. 

Thom (6) shoTvs the retarding effect of salt on the gro’n’th of 
thirty-one species of mold. He further demonstrates that P. 
roqueforti has a high salt tolerance, but the strain used was 
isolated from Roquefort cheese where a high percentage of salt 
is incorporated (6). Therefore, it is conceivably possible that 
wide variations in salt tolerance might exist with the different 
strains of P. roqueforti as isolated from Wensleydale and Roque- 
fort cheese. 

In an investigation into the manufacture of Wensleydale 
cheese (4) it was noted that the cheese inoculated with cultui’e 1 
(3) grew quicker and more abundantly than that inoculated 
with culture 16 (3). In each case the cheese contained the same 
percentage of salt — approximately 1 per cent (4). 

OBJECT 

The object of this work is to measure the rate of growth of 
several cultures of different strains of P. roqueforti as influenced 
by salt. 

^ Received for publication June 10, 1925. 

^ Thanks are tendered to tlie Department of Dairying of the Iowa State Col- 
lege, U. S. A., and to the Department of Dairying of the Ilniversity of British 
Columbia for facilities granted and assistance given. 
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CULTUEES USED 

The cultures of P. roqueforti used were: 

No. 1. P. roqueforti secured from the Dairy Division, Washington (3). 
No. 16. Isolated from Wensleydale (3). 

No. 32. Isolated from TVensleydale cheese inoculated with culture 
16 (4). 

No. 33. Isolated from Wensleydale cheese inoculated with culture 
I (4). 


TABLE 1 
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Wensleydale cheese 

Chat t sway 

1 


1 

28.30 

3.7 


Golding. 

4 

Imported cheese made 
by Rowntree, Yorks 3 
England 

Made at University of i 
British Colnmbia 

1 

4 

28.76 

1.74 

0.12 

Golding 

4 

8 ‘ 

24,82 

3.21 

QM 




Roquefort cheese 


Matheson , . ......... 

5 

Roquefort from France 
Roquefort from cow’s 
milk. Made at Uni- 
versity of British 
Columbia 

? 

38.0 

6.0 

Golding 

4 


36.0 

i 

4.77 



1 


MEDIA 

Milk. Sweet skim milk in which no bacterial change had 
taken place was used in every case. Test tubes of uniform 
diameter were selected, filled with exactly 10 cc. of nulk, plugged 
and sterilized. 

Milk + salt. A good grade dairy salt of 99 per cent purity 
was used. The dried salt was weighed into sufficient dry test 
tubes in amounts of 0.4, 0.8, 1.2, and 1.6 grams per tube. These 
tubes were plugged and dry sterilized. When both the 10 cc. 
tubes of milk and salt were cool, the salt was added to the nulk 
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Fig, 1 
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Tinder sterile conditions. Thus concentrations of salt and milk 
were obtained of the following strength 4, 8, 12 and 16 per cent 
added salt. 

Standard medium. The standard medium used in this investi- 
gation was the same as that previously employed (2). 

Standard medium -f salt. To the standard medium dairy 
salt was added in concentrations of 4, 8, 12 and 16 per cent 
added salt. The media were then plugged and sterilized in the 
usual way. 

METHODS 

The methods employed on inoculation, incubation, measure- 
ment of growth in milk, and measurement of growth on solid 
media are specifically defined in “Some factors affecting the 
growth of certain strains of P. roqueforti, blue mold, I” (2). 

THE SALT TOLBEANCE OF STEAINS OF P. KOQUEFOETI IN MILK 

Five media composed of milk and milk with different concen- 
trations of salt as given were used in this experiment (table 2). 

Quantitative determinations were made of the degree to which 
the cultures 1 and 16, respectively, digested the casein of these 
milks. 

The conclusions to be drawn from table 2 are: 

TABLE 2 

Different drains of F. roqueforti grown in milk and milk -f mrging per cent of salt 


Cultures grown at room temperature in test tubes for ten days 


CULTirRBB 

MILK 

FEE CENT 
ADDED SALT 

MILK -r 8 
PER CENT 
ADD ED SALT 

MILK + 13 
PER CENT 
ADDED SALT 

MILK -f 16 

PER CENT 
ADDED SALT 

Por cent casein 

Per cent of casein 
digested* 

Per cent casein 

Per cent of casein 
digested* 
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Per cent of casein 
digested* 

Per cent casein 

Per cent of casein 
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Culture 1 1 

2.20 

29.0 

2.27 

26.8 


19.4 

2.76 

11.0 

2.76 

11.0 

Culture Ifi 

2.79 

10.0 

2.91 

6,1 

2.97 

4.2 

2.97 

4.2 

2.95 

4.8 


♦ This figure represents the percentage of the total casein that has been ren- 
dered soluble. 
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1. Culture 1 (Roquefort origin) has a greater power to digest 
casein in milk and salted milk than has culture 16. This is in 
part confirmed by previous work (3). 

2. The power of culture 1 to grow and digest casein in the 
higher concentrations of salt is relatively less than is the case 
with culture 16. 

3. Concentrations of salt as found in Roquefort cheese would 
retard but not inhibit the growih of either strain of P. roqueforti. 

THE SALT TOLEEAXCE OF STRAINS OP P. ROQUEFORTI IN THE 

STANDARD MEDIA 

Five media composed of the standard medium and the standard 
medium with different concentrations of salt were used in this 
experiment (figs. 1 and 2). The rate of growih has been ex- 
pressed graphically for the four cultures (see figs. 1 and 2). 

The conclusions to be drawn from figures 1 and 2 are: 

1. Salt retards the growih of all four cultures of mold. 

2. Cultures 1 and 33 of Roquefort origin are more retarded 
in growth by high concentrations of salt than are cultures 16 and 
32 of Wensleydale origin. 

From the other data recorded, the following facts are of 
significance: 

1. Cultures 1 and 33 showed a stunted growth with abnormal 
spore formation in as low a concentration as 4 per cent added 
salt. 

2. Cultures 16 and 32, though showing a stimted growth, 
still retained their more or less tjqiieal appearance with green 
spores in the medium containing 12 per cent added salt. 

SUMMARY 

The result of the work recorded in this paper, showing the 
retarding effect of salt on the media defined, would suggest that 
salt concentrations, as usually found in Roquefort cheese, may 
retard but not inhibit the growth of the mold of either strain. 

With Wensleydale cheese, where the percentage of salt in the 
cheese is lower, the salt would not be expected to be an important 
inhibiting factor. 
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The failure of culture 16 to grow as well as culture 1 in Wens- 
leydale cheese must be accounted for by other factors than salt. 
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AN ALGEBRAIC METHOD OE PROPORTIONING ICE 
CREA^I MIXES'^ 

W. V. PRICE 

Department of Dairy Industry , Cornell UniversU7j, Ithaca, New York 

This discussion explains a method of proportioning and 
standardizing ice cream mixes which: has been presented to 
students in the Department of Dairy Industry at Cornell Uni- 
versity each year since 1921. The flexibility of its application 
to any mix requirements and the simplicity of the calculations 
have received the approval of aU classes of students interested 
in ice cream making. Continued use of the method under com- 
mercial conditions where speed and accuracy are essential has 
demonstrated its usefulness. 

Materials which are used in making ice cream may be divided 
into two classes; milk products and those products which are not 
derived from milk. The milk products furnish, generally speak- 
ing, the milk fat, nfllk solids not fat (msnf), and the buli of 
the water in the mix. Trade demands and marketing conditions 
require the presence of definite amoimts of sugar, gelatin, flavors, 
etc., so that it is by correctly proportioning the amounts of milk 
products that the desired amount of fat and milk solids not 
fat are obtained in the ice cream. 

To simplify the explanation of this method of standardizing, 
the solution of a typical problem will be demonstrated. 

Under conditions which are assumed, it is necessary to make 
1000 pounds of ice cream mix containing 10 per cent fat, 11 per 
cent msnf, 13.5 per cent sugar, and 0.5 per cent gelatin dissolved 
in 6 per cent water. 

* Received for publicatiou November 16, 1925. 
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The available materials and their composition are: Any 
amount of: 



FA.T 

MSNP 

SUGAK GELATIN 


percent 

per cent 

per ceriA per cent 

Cream 

40 

5.4 


Whole milk. 

4 

8.8 


Skim condensed 

0.1 

27.0 


Sugar 



100 

Gelatin 



100 


The first step of the solution consists in determining the 
amounts of the materials not milk which must be used in the 
mix. 

135 pounds sugar 

5 pounds gelatin \ , , . , . . 

^ j X r gelatin solution 
60 pounds water J 

200 pounds 

The difference between the total weight of the mix desired* 
1000 pounds, and the weight of the ingredients other than milk 
in the mix, 200 pounds, indicates that the cream, whole milk, 
and condensed milk must furnish a total of 800 pounds. 

It is eAudent that the difference between the total weight of 
the milk products in the mix and the combined weights of 
cream and condensed milk, will equal the weight of the whole 
milk. Stated as an equation this fact appears as: 

800 — pounds of cream — pounds of condensed milk = pounds of whole milk 

If pounds of cream = x and pounds of condensed milk = 
y, then 

800 — a; — 1 / — pounds of milk 

Using the above symbols again, it is possible to state that: 

The pounds of fat derived from the cream — 40 per cent of x. 

The pounds of fat derived from the condensed = 0.1 per cent of 

The pounds of fat derived from the milk = 4 per cent of (800 — a? 

The desired mix must contain 10 per cent fat, or 1000 times 


1000 pounds mis X 0.135 = 

1000 pounds mix X 0.005 = 
1000 pounds mix X 0,06 = 
Total weight of non- 
milk products = 
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0.10, wMch is 100 pounds of fat. Since the above milk products 
furnish all the fat in the mix, the Fat Equation can be formed. 

Fat equation O. 4 D 2 ; -f 0.001^ 4- 0.04 (800 — 2 : — ?/)«= 100 

It is possible by the same reasoning to state that: 

The pounds of milk solids not fat derived from the cream = 5.4 per cent of x 
The pounds of milk solids not fat derived from the condensed = 27 per cent of w 
The pounds of milk solids not fat derived from the milk = 8.8 per cent of 
(800 --X- y). 

The desired mix must contain 11 per cent milk solids not 
fat, or: 

1000 times 0.11 — 110 pounds of Msnf 

Since the milk products furnish all the msnf, these facts may 
be used to form the msnf equation. 

Msnf equation 0.054x 4- 0.272^ + 0.088 (800 — a: i/) = 110 

The solution of these equations may be arrived at through 
methods known to any one acquainted with elementary algebra. 
A simple procedure is indicated here. 

The eumbemome decimals of these equations may profitably 
be eliminated by multipljing the numbers of each equation by 
100 . 

Fat equation 40s 4- O.Isr + 4 (800 — a: — y) =• 10, (WO 
Msnf equation 5.4a: + 27y + 8.8 (800 - s - y) » 11,0{W 

Simplifying and combining: 

Fat equation 36r — 3.% ?=» 68CK3 
Jvisnf equation --3.4x + =» 3980 

One of the u n known quantities must be eliminated. To ao* 
eomplish this multiply each number of the fat equation by the 
first number of the msnf equation, 

36z - 3.9y =» 6800 
3.4 


Fat equation i22,4x — 13,26y 23*1® 
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Then multiply each number of the msnf equation by the first 
number of the fat equation. 

-3.4x + 18.22/ = 3960 
36 


Msnf equation —122 Ax -f 655.22/ = 142,560 

Adding the fat and msnf equations, the values for x cancel 
each other, 

Fat equation 122,4ie — 13.262/ =* 23,120 
Msnf equation —122.4a; + 655.21/ - 142,560 

641.941/ == 165,680 

y = 258.092 pounds of condensed milk 

Substituting this value for y in 

Fat equation 36a; — 3.91/ = 6800, then 
Fat equation 36a; — 3.9 X 258.092 == 6800 

Combining and transposing, 

36a; = 7806.55 

X - 216.848 pounds of cream 

Since 

800 — X — y ~ pounds of milk 

therefore 


800 — 216.848 — 258.092 = 325.06 pounds of milk 


Formula for desired mix 



1 

MATE* 

ElTAT.ft 

FAT 

MSNF 

SUGAR 

GELA- 

TIN 

WATER 

Cream 

pounds 

216.848 

[ pounds 
86.7392 

pounds 

11.7097 

pounds 

pounds 

pouTids 

Wiiole milk 

325.06 

13.0024 

28.6052 

69.6S48| 




Condensed milk j 

258.092 

0.25S0i 




Sugar 

135 

135 



Gelatin 

5 



5 


Water 

60 





60 

Total 

10000 ’ 

99.9996 

100 

109.9997’ 

110 



Desired 


135 ; 

5 ■ ' 

60 
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It ina 3 '- be necessary to incorporate certain odd lots of milk, 
cream, or condensed milk into a mix in addition to the regular 
ingredients. To accomplish this, determine the pounds of fat, 
milk solids not fat and sugar furnished bj" each sm.qll lot of 
product to be used and deduct these amounts from the amount 
of fat, milk solids not fat, and sugar required bj^ the mix. De- 
duct the total weight of each lot of milk, cream, or condensed 
from the calculated weight of milk products required by the 
mix. The mix can then be proportioned by using the proper 
amoimts of the milk products which must furnish the remaining 
amounts of fat and milk solids not fat of the mix. The amoimts 
of these milk products can be calculated by the use of the equa- 
tions whose derivation has already been explained. 

Sometimes sweetened condensed milk must be used in mak- 
ing ice cream. Under such conditions the condensed will fur- 
nish part of the sweetening of the mix. Two methods of calcu- 
lation may be used imder such circumstances. In the first place 
the mix may be calculated in exactly the manner explained m 
the original problem by disregarding temporarily the sugar 
content of the condensed. When the amount of each milk 
product has been determined then the pounds of sugar in the 
condensed should be deducted from the calculated amount of 
cane sugar necessary. The difference equals the pounds of 
sugar which must be added to the mix. As an example, it may 
be assumed that a certain set of conditions requires the addi- 
tion of 300 pounds of condensed milk containing 120 pounds of 
sugar to a mix ■which needs 400 pounds of sugar for sweetenmg. 
In this case it is necessary to add 280 pounds of sugar. This 
obviously leaves the mix 120 pounds short of the correct weight, 
and this difference in weight must he corrected by the addition 
of water. 

When it is undesirable to add water to a mix and sweetened 
condensed must be used, the procedure must be varied slightly. 
Assume, for example, that 100 pounds of sweetened condensed 
contains 40 per cent sugar, 6 per cent fat, and 30 per cent msnf. 
If the sugar could be removed, there would remain 60 pounds of 
a theoretical condensed milk containing 10 per cent fat Mid 
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50 per cent msnf. The percentage composition of the theoreti- 
cal condensed milk can then be used in calculating the necessary 
amounts of milk and cream by means of the equations which 
have been explained. The amount of theoretical condensed 
milk represents only 60 per cent of the real condensed milk. 
Therefore, the weight of this theoretical condensed milk calcu- 
lated as necessary for the mix must be multiplied by 100/60 to 
obtain the true amount of condensed milk to be used in the mix. 
The difference betv'een the theoretical and the real weight of 
the condensed milk equals the weight of the sugar which must be 
deducted from the total amount required to sweeten the mix. 

When the mix ingredients are placed in a mixing tank, it is 
common practice to determine the composition of the whole 
mix. It may happen that it does not conform to the desired 
percentage composition. This inaccuracy may be due to one 
or both of two errors; inaccurate analysis of the ingredients which 
were used in calculating the formula, or inaccurate weighing of 
the ingredients at the time of mixing. When corrections are 
necessary, the same procedure may be used which was explained 
in connection with the use of sweetened condensed milk. The 
mix must be combined with the products which will correct its 
inaccuracy. In forming the equations, it is best to use the per- 
centage composition of a theoretically non-milk-produet free 
mix. For example a mix which is composed of 10 per cent fat, 
11 per cent msnf, 14.5 per cent sugar, and 0.5 per cent gelatin 
contains 15 per cent or 15 pounds per hundred of non-milk 
products. The weight of theoretical non-milk-product free mix, 
therefore, equals 85 pounds. The percentage composition of 
this theoretical non-milk-product free mix may be expressed as 
if X 100 or 11.7 per cent fat and H X 100 or 12.9 per cent 
msnf. The remaining calculations are identical with the pro- 
cedure of proportioning a mix in which a theoretically sugar 
free condensed milk is used as oue of the ingredients. 

Some workers prefer to use formulas in the proportioning of a 
mix. Under such circumstances the following expressions for the 
amounts of necessary materials may be found useful. These 
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expressions are solutions of the equations already described in 
which letters are used in place of numbers. 


X = pounds of cream or butter, etc. 
y = pounds of condensed or powdered milk, etc, 
m = pounds of milk products in the mix 
w ~ X — 2/ " pounds of milk or skimmilk, etc, 
a = per cent of fat in cream, etc. 
b = per cent of fat in condensed milk, etc. 
c = per cent of fat in milk, etc. 
d = per cent of msnf in cream, etc. 
e — per cent of msnf in condensed milk, etc. 

/ == per cent of msnf in milk, etc. 

F = pounds of fat desired in the mix 
S = pounds of msnf desired in the mix 


X 


(F — cm) (e - f) - (8 — fm) (6 — c) 
(a - c) ( e - /) - (d — /) (6 — c) 


= pounds of cream, etc. 


y = 


(a - c) (g - fm) - (d - /) (F - cm) 
(a — c) (e - j) - (d — f) (6 — c) 


= pounds of condensed milk, etc. 


m — X — y — pounds of milk, etc. 


The application of these formulas may be illustrated by the 
problem which has been solved in this discussion by substituting 
in each formula the proper values of the letters. 

Substituting in the expression for the pounds of cream: 

[100 - (0,04 X 800)1 [0.27 - 0.08S] - [110 - (0.S8 X 800)1 10.001 - 0,04] 
^ {0.40 - 0.04) (0.27 - 0.088) - (0.054 - 0.088) (0.001 - 0.04) 

Simplifying: 

[(100 - 32) X 0.182] - [(110 - 70.4) X (- 0.039)] 

^ - (0.36 X 0.182) - (- 0.034 X - 0.039) 


Simplifying: 


12,376 4- 1-5444 ^ 13.9204 
0.06552 - 0.001326 “ 0.06419 


216.84 pounds of cream 


It may be noted that the denominator in the formula for the 
value of y is identical with the denominator in the expr^sion 
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for the value of x. The equation for the value of y can then 
be written as: 


(g - c) (g — fm) - (d ~ f) [F — cm) 
0.06419 


Substituting: 

_ [0,40 - 0.04] [110 - (0.0S8) X 800)1 - [0-054 - 0.088] [100 - (0.04 X 800)] 
^ “ 0.06419 

Simplifying: 

[0.36 X (110 - 70.4)] - [- 0.034 X (100 - 32)] 

^ “ 0.06419 


Thus: 


(0.36 X 39.6) - (-0.034 X 68) 14.256 + 2.312 

^ “ 0.06419 ~ 0.06419 

16.568 

y “ = 258.09 pounds of condensed milk 

m ^ X ^ y = pounds of milk 

Substituting: 

800 — 216.84 — 258.09 = 325.07 pounds of milk 


One difficulty may be encountered in proportioning or stand- 
ardizing mixes by this or any other method. The operator 
may select materials whose composition make a desired com- 
bination impossible. Under such circumstances the value for 
X or y may be a minus quantity or their sum may be greater 
than the total amount of nulk products possible in the mix. 



REVIEW OF FOREIGN DAIRY LITERATURE 

J. L. HILEMAN 

Newarl^j *¥. 

ViRTANEN, On ike Decomposition of Casein by Bad, casei and Strep, 
laciis, (Societas Scientiamm Fennica CommeBtationes physico- 
matliematicaej ToL 1, No, 41, p. 13, March, 1923. Abstracted ia 
Le Lait, Vol. 5, August-September, 1925, p, 756.) 

The author shows that Bact. casei €, which cannot decompose casein 
at room temperature under ordinary conditions, can do so at 20® if the 
cultures have previously been maintained at 40® for twenty-four hours, 
which approximates the conditions of manufacture of Emmenthal 
cheese. He inoculated the organism into a half-liter of skim mUk and 
added 30 grams of calcium carbonate. These cultures were maintained 
at 18® for one to two months, and were then analyzed for soluble nitro- 
gen, amine nitrogen and ammoniacal nitrogen. 

The Bact, casei € died rapidly in the milk cultures containing the 
calcium carbonate, just as they do in cheese. However, Virtanen holds 
that they are still responsible for the decomposition of casein that takes 
place, this decomposition being due to an enzyme secreted by the organ- 
isms which continues to act after their death. From this the author 
argues that Bact. casei € is the agent in the ripening of Emmenthal 
cheese, even though this cheese contains no Bact. casei e after four to 
six months, but only Bact. casei a. 

Strep. lactis, under the conditions found in the manufacture of 
Emmenthal cheese, also attacks casein. This organism and Bact. 
casei c break down casein more vigorously when both are present than 
when only one is present, due to some symbiotic action. 

GyoRGY. On the Distribution of Calcium and Inorganic Phosphorm in 
Milk, (Bioehemische Zeitschrift, YoL 142, Nc®. 1 and 2, Octoter, 
1923. Abstracted in Le Lait, VoL 4, November, 1924, p. 779.)' 
This investigator attempts to answer the Question as to whether or 
not there is a close relationship tetween the non-diffusible calciiim phos- 
phate and the- casein in milk. He shows that the inorgMiic 
pass entirely into the serum obtained when milk is allow«i to sow i»tor- 
ally, wUle only 40 per cent are found in the serum 'Obtainrf wtei ma* 
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Bet acts on milk. That part of the phosphorus which will not pass 
through a Haen ultra-filter is 50 to 60 per cent in cow^s milk, and 30 to 
40 per cent in human milk. 

At the iso-electric point of casein, all of the calcium and phosphorus 
are found dissolved in the serum. A solution of casein treated with lime 
and phosphoric acid gives the same results as milk. 

These results are in close agreement with the work of Van Slyke and 
Bosworth at Geneva. 

The author draws the conclusion that there is a close chemical rela- 
tionship between the casein and the non-diffusible calcium phosphate of 
milk. 

Barthel. Influence of Molds on Lactic Ferments. (Le Lait, VoL 4, 
November, 1924, p. 725.) 

Bacillus subtilis increases the activity of cultures of Streptococcus 
lactis. Certain molds also have such a symbiotic effect, among them 
being Mucor piriformis, Aspergillus niger and Penicillium glaucum. 
Oidium lactis appeared to have no effect. 

Charles Vas. Formation of Acid in Symbiosis by Bacillus bulgaricus 
and Streptocccus lactis in YoghourL (Le Lait, VoL 4, October, 
1924, p. 625.) 

Yoghourt is made by incubating milk containing a culture of Bacillus 
bulgaricus and Streptococcus lactis at 45®C. till coagulation occurs, and 
then reducing the temperature to 18° to 20°C. Under these conditions 
the mixed culture produces more acid, and produces it more quickly, 
than is produced by either organism is pure culture. 

H. Roeder. Study of the Progress of Rennet Coagulation of Milk. 
(Schw^eizeiische Milchzeitung, No. 54, June, 1923. Abstracted in 
Le Lait, VoL 4, November, 1924, p. 780.) 

Roeder describes a unique apparatus for studying the rennet coagu- 
lation of milk, consisting of a piece of black glass moved by clockwork in 
such a way that it comes from the interior of the body of milk to the 
surface twice every second. The milk is placed in a vessel in a constant- 
temperature bath. The rennet is placed in a small boat floating on the 
surface of the liquid, and this is capsized by means of the thermometer 
used to observe the temperature of the milk at the required instant. 
The black glass coming periodically to the surface makes it possible to 
observe easily the appearance of the first floccules of curd, and to follow 
the course of the coagulation closely to completion. 



Editor’s Address Changed 

Having accepted the position of head of 
the departments of dairy and animal 
husbandry at Ma^chusetts Agricultural 
College, effective April 1st, all manuscripts 
intended for the Journal of Dairy Science 
should be addressed to me c/o Massachu- 
setts Agricultural College, Amherst, Mass. 

J. H. Frandsbn, Editor 






William Aloxzo Stocking, Jr. 



WILLIAM! ALONZO STOCKING, JR. 

William Alonzo Stocking, Jr., was bom May 13, 1872, on a 
farm near tbe town of Simsbury, Connecticut. His parents were 
William A. and Serinda (Delanoy) Stocking. He married Har- 
riet M. Bliss of Binghamton, N. Y., on June 27, 1900. The 
widow and their four children John, Robert, William and Eliza- 
beth, all survive their husband and father, who died February 
3, 1926, at his home on Ca 3 ruga Heights, Ithaca, N. Y. 

Professor Stocking graduated in 1895 from the Connecticut 
Agricultural College (Storrs) with the degree B.Agr. and three 
years afterward received the B.S.A. degree at Cornell University. 
He acted as Instructor in Agriculture at the Mansfield (Penn.) 
Normal School during the academic year 1898-1899, after which 
he returned to the Connecticut Agricultural College as Assistant 
Professor and later as Professor of Dairy Bacteriology. He re- 
mained at Storrs tmtil 1906 when he received an appointment as 
Assistant Professor of Dairy Bacteriology at the New York 
State College of Agriculture at Ithaca. Meanwhile (1904) he had 
received the M.S. degree from Cornell University. 

In 1909 at the time when Professor R. A. Pearson left to be- 
come the Commissioner of Agriculture of New York State, he 
was given a fxxU professorship at Cornell and was appointed head 
of the Department of Dairy Industry. During 1913 and 1914, 
after the resignation of former Dean Liberty Hyde Bailey, Prof^ 
sor Stocking was Acting Director of the College of Agriculture 
and of the Cornell Agricultural Experiment Station. He re- 
signed his responsibility as head of the Department of Dairy 
Industry on June 14, 1923, continuing the duties of Prof^or of 
Dairy Bacteriology until November 1925, when his illn^ com- 
pelled him to stop work. 

Such is the simple biographic and academic record of a man 
who has been one of the leading contributors to the scientific 
development of the dairy industry in the United States (£ 
America. 
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Professor Stocking was one of the earliest workers in the field 
of dairy bacteriology to undertake the evaluation of the impor- 
tance of the various sources of bacterial contamination of market 
milk. This work m-as done at Storrs. It included a survey of the 
results actually being obtained on a series of dairy farms and a 
study of the effect of covered pads, of feeding dusty feeds, and of 
cleaning cows, upon the bacteria count and dirt content of milk, 
Likeviise, he was the first to make exhaustive study of the causes 
of the excessive contamination of milk where milking machines 
were used and through his efforts American manufacturers were 
aided in putting really successful milking machines on the market. 
His report on methods of sterilizing milking machine tubes con- 
tains the first detailed bacteriological report on the method of 
placing the tubes in brine, a method which today still is regarded 
as one of the most useful that has been suggested. 

He likewise took part with Professors H. W. Conn and W. 3^1. 
Esten in the pioneer study of the bacterial species foimd in dairy 
products, the final report on this work appearing in the 1906 
Annual Report of the Storrs Station. He also shared in the 
studies of foreign tj’pe cheeses, particularly Camembert, which 
were undertaken under the leadership of Professor Conn. 

A hea\">' burden of teaching and later of administrative re- 
sponsibility fell upon Professor Stocking during his later years in 
Ithaca so that, to his deep regret, he was imable to maintain his 
investigational work. Many a young man felt his guiding hand 
and today his students are to be found in many places in the dairy 
industry where a scientific training is necessary for the greatest 
success. His influence will abide through the constructive work 
that these men are doing. 

During this period he prepared the fine discussion of the t 3 T)es 
of bacteria found in dairy products which appeared as a section 
of Marshall’s Microbiology, and wrote a “Manual of Milk Prod- 
ucts” a book widely used as a text in agricultural colleges. Hk 
influence was widely felt throughout the dairy industry of the 
State and of the Nation. This influence was especially evidenced 
through his activities in connection with Farmers’ Week pro- 
g'ams, memberriup in the New York State Agricultural Society 
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and the New York State Dairjnnen’s Association. He w^as par- 
ticularly active in the latter association and served as its Presi- 
dent from 1922 to 1924. 

Professor Stocking was interested in the formation of the 
National group of dairy instructors into the Official Dairy In- 
structors’ Association in 1906. He continued his active interest 
in this Association when it broadened its field of work and became 
the American Dairy Science Association. He served as Presi- 
dent of this Association from 1916 to 1918, and as a member of 
many of its important committees. He was a member of the 
editorial board of the Jotjbnal of Daiey Science from the time 
of its foundation by this Association in 1917. 

The splendid dairy building of the College of Agriculture, ded- 
icated at the time of the World’s Dairy Congress in 1923, will 
remain as a fitting memorial to his untiring efforts for the ad- 
vancement of dairy science in America. Upon his retirement 
from the administrative responsibilities of the Department of 
which he had been the head for so many years, he took particular 
delight in renewing his interest in the Society of American Bac- 
teriologists of which he had been a member since 1912, attending 
the National meetings of this society in 1923 and 1924 and taking 
an active interest in maintaining the work of the Central New 
York Branch of this Society. In April 1924 Professor Stocking 
represented Cornell Univeraty and the United States Depart- 
ment of Agriculture at the International Daffy Exposition in 
Milan, Italy, and studied the dairy industry in Italy, Switzerland, 
France, Belgium, Holland and England. 

In addition to his connection with the New York State College 
of Agriculture as a student, Professor Stocking served on the 
Staff through twenty years that are particularly significant 
because they constitute the period in which the broad polici^ 
of the institution have been cast. Professor Stocking was an 
active member of that earlier group that gave character and 
strength to a vigorously growing institution. To Ms special 
credit must be placed the development of daffy industry as a 
large and strong unit in the college organization. He will be 
sadly missed by his old associates, most of all becati^ of the Madly 
spirit that pervaded all of Ms relationsMps. 
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In these days when there are many who fail to appreciate the 
fact that true science and true religion should work together 
harmoniously in their search after the truth that endures, it may 
be well to record also that Professor Stocking was active in the 
First Presbyterian Church of Ithaca, serving on the session of 
this church for eleven years. He was sincere in his love for his 
fellowmen and his purpose to help them, ever ready to go out 
of his w’ay to do the thoughtful thing and say the gracious word. 
He bound men to him in abiding friendships. His spirit was 
broad and tolerant. He had profound convictions and held 
himself rigidly to them, but was ever charitable in his judgment of 
others. He gave the impression of singular gentleness, a life 
from itself set free. He leaves with those who came into contact 
with him only memories which strengthen faith in things which 
give hope and dignity to the meaning of human life. 

E. S. Guthrie and E. S. Breed. 



THE COMPOSITION, DIGESTIBILITY AND FEEDING 

vallt: of hydrolyzed sawdust* 

J. G. ARCHIBALD 

Massachusetts Agricultural Experimeni Statioriy Amherst^ Mmsachmetis 

TMs investigation was undertaken at the instigation and 'with 
the cooperation of the Forest Products Laboratory of the United 
States Department of Agriculture, located at Madison, ’Wisconsin. 
Sherrard and Blanco (1) of that laboratory have carried on 
extensive experiments in the conversion of the woody fiber of the 
sawdust from several species of wood, into a more soluble form 
for the production of industrial alcohol, and as a possible source 
of cattle food. 

The method of treatment consists in cooking the sawdust under 
120 pounds pressure with dilute sulphuric acid, which converts 
a portion of the cellulose and allied substances into sugar. The 
liquor resulting from the digestion together with the washings 
from the imdigested sawdust residue is neutralized with lime and 
evaporated to a thick syrup, which is mixed with the dried residue. 
The product is then ready for feeding. It is a dark brown some- 
what powdery meal with a slightly sweet woody odor and a woody 
flavor. 

Its feeding value was investigated first by the Animal Husban- 
dry Department of the Wisconsin Agricultural Experiment 
Station (2) and later by the Dairy Division, Bureau of Animal 
Industry, United States Department of Agriculture, at its 
experiment farm in BeltsviUe, Maryland (3). The results of 
these trials were somewhat conflicting, hence the request from 
the Forest Products Laboratory to this station to cooperate in 
carrying on further investigations. 

* KecelTed for piiblication November 30, 1025. Pmbiisbed witb ibe' ioi»i per* 
mission of tbe Director of the Massachusetts Agricuitural Expenment 8lalk« 
and the Forester, Forest Service, United States Department of Agrieuiture. 

m ' ' 
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Our work on the product has been divided into four phases: 

1. Determination of its proximate composition 

2. A preliminary palatabUity test 

3. Determination of its digestibility 

4« Its feeding value for milk production 

TABLE 1 


Proximate composiiion of hydrolyzed mwdmt 


►* 

^ a 
a S 

C 

a 'z '■ 

a 

KATEEIAI* 

a 

* a 

ii 

PET MATTEE BASIS 

JS 

4 

a 

“o 

1 

o 

N-fr©e 

extract 

cS 

72S 

Hydrolyzed sawdust tDouglas fir) 

6.80 

2.04 

0.05 

48.73 

47.65 

1,53 

733^ 

Hydrolyzed sawdust (Douglas fir) 

7.43 

2.24 

0.00 

4S.6S 

47.83 

1.25 

740 

Hydrolyzed sawdust (Douglas fir) 

7.09 

2.75 

0.15 

46.63 

49.40 

1.07 

769 

Hydrolyzed sawdust (Douglas fir'^ 

6 33 

*2 45 

0.80 

46.21 

49 29 

1 25 

790 

Hydrolyzed sawdust (Douglas fir) 

7.45 

3.42 

0.15 

42.82 

52.13 

1.49 

8S0 

Hydrolyzed sawdust (Douglas fir) 

7.50 

2.39 

0.74 

45,43 

48.94 

2.50 

842 

Hydrolyzed sawdust (Douglas fir) 

7.40 

2.55 

0.31 

46.44 

49.31 

1.38 

856 

Hydrolyzed sawdust (Douglas fir) 

7.33 

2.56 

0.12 

45.03 

50.15 

2.15 

Average 

7.17 





1.58 

828 

Hydrolyzed sawdust (Eastern white pine) 

1 6.24 

3.30 

!1h 

49.70 

43.73 

2.85 

859 

Hydrolyzed sawdust (Eastern white pine) 

i 6.22 

3.95 

0.50 

45.04 

48.02 

2.49 

889 

Hydrolyzed sawdust (Eastern white pine) 

! 4.08 

2.38 

0.51 

47,65 

44.93 

4.52 

893 

Hydrolyzed sawdust {Eastern white pine) 

4.06 

2.70 

0,36 

47.55 

45.46 

3.93 

900 

Hydrolyzed sawdust (Eastern white pine) 

i 4.72 

3.10 

0.60 

47.30 

45.43 

3.57 

Average 

1 5.06 

3.09 

0.48 

47.45 

45.51 

3.47 

862 

Eesidue from hydrolyzed Douglas fir 

20.36 

0.36 

0.50 

60.73 

36.25 

2.16 

863 

Eesidue from hydrolyzed Eastern white 








pine 

4.58 

0.23 

0.90 

59.91 

34.94 

4.02 

871 

Eesidue from hydrolyzed Eastern white 








pine 

4.4n 

0.48 

0.69 

60.23 

34.91 

3.70 

Averaste. . . 

4.49 

0.36 

0.80 

60,07 

34.93 

3.86 


PEOXIMATB COMPOSITION 

^ Tins was determined by the usual methods of fodder analysis®^ 
Table 1 presents the detailed analyses. 

^ Acl£iiowledgiii6iit IS insde in tbis ooxmectioii of tiie ssrvicos of Mossrsr P* H, 
Smitli and F « J. Kokoski^ who performed all of the analytical work. 
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As would be expected tbe product is almost entirely carbo- 
hydrate in nature, the crude fiber and nitrogen-free extract con- 
stituting on an average about 95 per cent of the total dry matter. 
Of the nitrogen-free extract, a considerable portion is sugar, 
according to Sherrard and Blanco (1) about 21 per cent of the 
original sawdust being converted into sugar by the process. The 
balance of the nitrogen-free extract is probably largely composed 
of lignin. The crude fiber is principally crude cellulose admixed 
with some lignin. The protein moiety is practically negligible, 
especially so in the case of the Douglas fir sawdust, while the fat 
is not true fat but resinous matter. The ash is chiefly an additive 
component, consisting for the most part of calcium sulphate 
formed by the neutralization with lime of the sulphuric acid used 
in the process. Laboratory Nos. 862, 863 and 871 are samples of 
the sawdust residue, with which, at the special request of this 
department, the syrup containing the sugar produced by the 
hydrolysis, was not mixed. The reason for investigating these 
residues is given in the section on digestibility (see p. 260). 
The main differences in composition between the residue and the 
complete hydrolyzed product are seen in a higher crude fiber 
content and a correspondingly lower amount of nitrogen-free 
extract, due to the removal of the sugar-holding liquor by centrifu- 
gation and washing. The ash content is that of the natural wood.® 

PALATABIUTT 

The first step in the investigation was to determine if cows 
would eat the sawdust. Eleven animals in the station herd in 
groups of two at a tune were offered the material as a supplement 
to their grain ration in amounts not exceeding 5 poimds daily, 
for periods varying with the different individuals from one to 
four months. Ten of the cows ate the sawdust, when moktened 
and mixed with their grain, with no apparent ill effects. Eight 
of them showed no disMke for it when fed in this way. AU, the 
cows refused it when it was fed alone, even wh^ placed before 

* For a more detailed study of tlie compoaitioB of ilic aaftteriai 
referred to tlie work of SlierrardaBdBlaiteo. /' 
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them previous to the regular grain feeding. The Douglas fir 
sawdust was the Mnd used for this test. The maximum amount 
that a cow would consume without waste was 4 pounds daily. 

DIGESTIBILITY 

Commencing in June, 1924, and ending in February, 1925, 
6 digestion experiments with 3 sheep in each, i.e., 18 single 
digestion trials were carried on. Each of these experiments was 
of sixteen days duration and the materials investigated were: 
hydrolyzed Douglas fir sawdust, hydrolyzed Eastern white pine 
sawdust, and the residue from hydrolysis of Eastern white pine 
sawdust. The digestibility of this residue minus the liquor was 
determined to check up the assumption that it is probably with- 
out food value, the reasoning being that if it proved to be value- 
less why use it, or so much of it, as an absorbent for the liquor? 
Why not use as an absorbent some material having food value in 
itself? 

A uniform ration was fed to the sheep throughout all the experi- 
ments. It consisted of: 

Graim datl^ 


Hay 400 

Gititea feed * ...125 

Hydrolyzed sawdust 100 

Salt.... 10 

Water ad libitum 


The digestibility of the basal ration, consisting of hay and 
gluten feed was first determined by feeding these to the same 
sheep in a digestion trial identical with those in which the sawdust 
was added to the ration. 

In all cases the sheep ate their daily allowance without waste, 
although they showed some reluctance about eating the residue 
from hydrolyzed Eastern white pine sawdust. No digestive 
disturbances were noted when the Douglas fir and Eastern white 
pine sawdust were fed, but when the residue from the white pine 
was fed there was marked disturbance as evidenced by the condi- 
tion of the feces which became very soft and bulky. 

Table 2 s umma rizes the results of the work. 
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DISCUSSION OF EESULTS 

a. Douglas fir sawdust. Excluding from the average two 

TABLES 

Summary of iigesiton coefficients^ expressed as percentages on a dnj matter bmts 

[ SHBEP I EXPEHIMIINT j DEY MATTER I FIBER I N*PBBE EXTRACT 


Douglas fir sawdust 


I 

23 

2 

31.49 


59.30 

II 

23 

4 

48.48 - 

17.63 

76.85 

III 

24 

2 

35.46 

6.76 

62.07 

IV 

24 

4 

31.83 

OM 

64.48 

V 

25 

2 

25.48 

None 

55.71 

VI 

25 

4 

32.13 

0.52 

54.99 

Average... 



34.15 

Not 

62.23 





averaged : 


Average omitting II and V. 

32.73 


60.21 


Eastern white pine sawdust 


I 

23 

3 

46.69 

18.72 

65.46 

II 

23 

5 

44.05 

10.87 

72.37 

III 


3 

44.42 

21.03 


IV 


5 

36.45 

None 


V 


3 

49.73 

24.46 


VI 


5 

27.66 

None 

52.54 

Average., , 



41.^ 

Not 

63.78 





averaged 


Average omitting IV and VI 

46.22 


66.42 


Kesidue from hydrolysis of Eastern white pine sawdust. 


I 

23 

6 

! 1.69 

4.25 

12.53 

II 

23 

7 


10.89 

27,03 

III 

24 

6 

22.79 

16.55 

31.74 

IV 

24 

7 

None 

None 

0.45 

V 

25 

6 

32.41 

20.58 

37.61 

VI 

25 

7 

None 

None ' 

None 


None of these results can be a¥eraged 


results which deviate considerably from the mean, the dry matter 
of this material had a digestibility of roughly 33 per cmt, which 
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consisted almost entirely of nitrogen-free extract. The actual 
amount of nitrogen-free extract digested was equal to 28.5 pounds 
for each 100 pounds of sawdust (average of four single trials). 
This is a slight excess over the amount of sugar reported by 
Sherrard and Blanco (1) as being formed in the process of hydrol- 
ysis. It is evident that digestion was confined principally to this 
soluble carbohydrate, the other constituents being practically 
unattacked. 

6. Eastern white pine sawdust. Excluding here also two 
de^dating results, it is seen that this sawdust contained about 46 
per cent of digestible dry matter, approxunately 40 per cent more 
than the Douglas fir sawdust contained. The amount of nitro- 
gen-free extract digested (28.6 pounds per 100) was almost iden- 
tical with that digested in the case of the Douglas fir, so it is 
e^ddent that some other proximate constituent must have been 
utilized to account for the higher total digestibility. Although 
the coefficients for fiber show a quite low digestibility (24.46 
per cent as a maximum) they are somewhat higher than those 
obtained with the Douglas fir and we must assume that the 
difference in total digestible dry matter is due to a more digestible 
fiber in the pine, for by no stretch of either figures or imagination 
can the small amounts of protein, fat and ash present be made to 
account for it. The assumption is that in the pine wood the 
linkage between the ceUulose and the lignin is less firm than in 
the Douglas fir, hence is more readily broken down or sprung 
apart by the treatment, thus gi\dng the bacteria in the ruminant’s 
digestive tract a better opportimity to act upon the cellulose 
molecule. It is e^ddent from the wide variations in the digestion 
coefficients for fiber that the animals experienced difficulty in 
digesting material of this character. 

c. Eastern white pine sawdust residue. A glance at the variable 
results obtained for this material is sufficient to show that its 
total digestible matter is so low that it can have no food 
value whatever. It simply proves the already well-grounded 
assumption that whatever food value the hydrolyzed sawdust may 
possess is contained largely in the liquor or syrup produced in 
the process of hydrolysis. 



COMPOSmON OP HYDEOLTZED SAWDTJST 


263 


The white pine residue having given such poor results, it was 
deemed unnecessary to investigate the residue from Douglas fir, 
the entire hydrolyzed product from that wood ha\dng made a 
somewhat poorer shovdng than that from the pine. 

Dismissing without further consideration the so-called 
“residue,” it will be well to consider the entire hydrolyzed product 
from the standpoint of net energy. This station is not equipped 
for the direct determination of net energy in feeds. There is, 
however, a fairly reliable formula (4) by which the net energy 
value of a feed can be calculated if its digestible matter is 
knowm, and it is proposed to apply this formula here. Calcu- 
lated in this manner, the Eastern white pine sawdust has an 
apparent net energy value of 18.6 therms per 100 pounds, about 
half that of average quality hay, while the net energy value of the 
Douglas fir sawdust is a minus quantity, or in other words, more 
energy is used up in the labor of digesting it than it contains itself. 

VALUE FOE MILK PRODUCTION 

This phase of the investigation was commenced in October, 
1924, and was completed in July, 1925. The kinds of hydrolyzed 
sawdust fed were the same as used in the digestion studies, viz., 
Douglas fir and Eastern white pine. 

Each kind of sawdust was submitted to an eleven weeks’ feed- 
ing trial with 6 mature milch cows in the experiment station herd. 
Each of the eleven-week feeding periods w^'as divided into two 
four-week periods of actual trial with a ten-day preliminary feed- 
ing in every instance, to accustom the cows to the change of feed. 

The value of the sawriust for milk production was ascertained 
by comparison with com starch, an equivalent amount of each 
from the standpoint of digestible nutrients being ^t^iately 
substituted for a portion of each cow’s grain for the length of time 
mdicated above. Corn starch was chosen for comparison because 
it w^as the only material available which did not contain protan, 
of which there is none in the sawdust. 

The herd was divided into two groups of three cows each. On© 
group received the “starch” ration for thirty-ei^t days, whilfe the 
other group received the “sawdust” ration. At the end of thirty- 
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eight days the feeds were reversed, those cows that had been 
getting starch being changed to sawdust and vice versa, for 
another period of thirty-eight days. Thus each and every cow 
received both rations. The last twenty-eight days of each period 
was taken as the basis for calculation of results. The Douglas 
fir sawdust was fed out first, its trial lasting from October 1, 1924, 
until December 14, 1924, all cows being in the experiment simul- 
taneously. Because of delays in receipt of the white pine saw- 
dust and also because of irregularity in the freshening dates of the 
cows available, not all the cows were in this experiment simul- 
taneously. The feeding trial lasted from February 27, 1925, 
until July 7, 1925. 

The ration fed to the cows consisted of : mixed hay and a grain 
mixtmre composed of com meal, 20 per cent; wheat bran, 10 
per cent; ground oats, 30 per cent; cottonseed meal, 10 per cent; 
linseed meal, 15 per cent, and gluten feed, 15 per cent. This 
mixture contained 16 per cent of digestible protein and consti- 
tuted about 80 per cent of the daily grain allowance of each cow. 
The remaining 20 per cent was either starch or an equivalent 
amount of sawdust. The rations were adjusted in accordance 
with accepted standards at the beginning of each month, and 
w'ere calculated a trifle scant in order to have the cows utilize 
the sawdust as fully as possible. 

The amount of sawdust fed was the same in aU cases, viz., 
4 pounds daily, previous experience having shown that the cows 
would not readily eat any greater amount. The amount of starch 
equivalent to this amount of sawdust, taking into consideration 
the moisture content and relative digestibility of the starch and 
the two kinds of sawdust, was 1 pound and 4 ounces m the case 
of the Douglas fir sawdust, and 1 pound and 12 ounces in the case 
of the white pine sawdust. These were the amounts of starch fed. 

The sawdust and starch were well mixed with the other grain 
before feeding to insure complete consumption. With one 
exception all the cows throughout both experiments ate their 
grain-sawdust mixture without waste. The one cow who was 
at times rather fussy wasted only a few pounds. No digestive 
disturbances were noted and both experiments were carried to 
completion satisfactorily. 
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In summarizing the results attention has been centered on the 
following points: 

1. Milk yield 

2. Inital shrinkage in milk flow 

3. Change in body weight 

milk; yield 

In the experiment with Douglas fir sawdust versus starch 2 
of the cows dried off much more rapidly than we had anticipated, 
and the same was true of 1 cow in the experiment with white pine 
sawdust versus starch. For this reason the milk yield records of 
these individuals have not been included in the reported results. 
Table 3 gives the comparative yield and quality of the milk in 
both experiments. 

The cows produced 98.5 pounds less milk on the Douglas fir 
sawdust ration equal to about 4 per cent less solid matter than 
on the starch ration, and 42 pounds less milk, equivalent to 
substantially 1 per cent less solid matter on the white pine saw- 
dust ration than on the starch ration. The figures point, there- 
fore, to the fact that, on the basis of digestion equivalents, the 
hydrolyzed sawdust was rather inferior to the starch, and that 
the white pine product had a more favorable influence as a nu- 
trient than did the Douglas fir. Differences in the percentage 
composition of the milk were so slight as to be without signifi- 
cance. The considerably higher percentages of total solids and 
fat in the Douglas fir experiment are due to the difference in 
stage of lactation, aU the cows being rather advanced in lacta- 
tion when on this trial, while all but one had recently fr^henai 
when put on the white pine sawdust. 

INITIAL SHBINE.AGE IN MILK FLOW 

This was determined by noting the production of each cow 
during the week immediately preceding the commencement of 
the experiment and her production during the first week of the 
experiment proper, there being an interval of ten days tetween 
the two periods to allow for any irregularities due to chan^ of 
feed. Table 4 presents the results. 



TABLE 3 

Milk production in the sawdui^l-starck feeding trial 
I I ^ 

\ cows 1 MSOLK I SOLIDS 


Experiment 1 
Starcii 


im I 

October 10 to 
November 6 | 

November 17 to 
December 14 

Colantha II 
Golantha IV 
Samantha IV 
Fancy V 

pounds 

1,186.4 
609. S 
569.7 
475.1 

per cent 

• 12.98 
! 12.16 
13.73 
15.32 

pounds 

: 153.99 
; 74.15 
78.22 
72.79 

per cent 

4.57 

3.75 

4.93 

5.87 

pounds 

54.22 

22.87 

28.09 

27.89 

Total, pounds 

2,841.0 ; 


379.15 


133.07 

nP;T pent. 

1 13.35 ' 

4.68 


^ ’ ' * 







Sawdust (Douglas fir) 


im j 

October 10 to 
November 6 
November 17 to I 
December 14 j 

Samantha IV 
i Fancy V 

Colantha II 
Colantha IV 


12,87 

15.23 

13.10 

12.53 

89.05 

76.77 

147.11 

50.62 

4.48 

5.93 

4.46 

3.90 

31.00 

29.89 

50.09 

16.52 

Total, pounds j 

Average^ per cent I 

2,742.5 

13.26 

363.55 1 

4.65 

127.50 


Experiment II 
Starch 









March 29 to April 

Diantha 

1,616.4 

11.46 

185.24 

3.35 

54.15 

25 







April 16 to May 13 

No. 192 

1,005.0 

11.59 

116.48 

3.36 

33.74 

May 3 to 30 j 

Colantha IV 

1,419.0 

11.90 

168.86 

3.62 

51.36 

May 6 to June 2 


1,238.8 

12.24 

151.63 

4.02 

49-80 

June 10 to July 7 

1 No. 46 

1,046.5 

10.96 

114.70 

3.03 

31.71 

Total, pounds. . , 


6,325.7 


736.91 


220.76 

Average, per cent ' 


11.65 


3.49 



Sawdust (Eastern white pine) 


1&£5 1 






i 

March 9 to April 5 i 

No. 192 

1,136.0 

11.41 

129.62 

3.27 

37.15 

March 29 to April ! 

Samantha IV 

1,310,1 

12.24 

160.36 : 

^ 3.92 

51.36 

25 1 







May 3 to 30 

No. 46 

1,108.0 

11.10 

122.99 

3.25 

36.01 

May 6 to June 2 

Diantha 

1,465.3 

11.62 

170.27 

3.54 

51.87 

June 10 to July 7 

Colantha IV 

1,264.3 i 

11.67 

147.54 

3.47 

43.87 

Total, pounds. , , 


6,283.7 


730.78 

i 

220.26 

Average, per cent 

i 

11.63 


3.51 
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TABLE 4 

Showing relative shrinkage in milk yield when cows were put on the experimental 

ration — starch versus sawdust 


i 

1 

MILi: TIELD 

1 



cows 

i 

1 

Production | 
during week 1 
previous to ^ 
commencement 
of experiment ; 

Production 
during first 
week of 
experiment 

iNCESAH* 1 

: 

CKCBKASIS 


Experiment I 
Starcli 



Pounds 

pounds 

POMI^S 

Pounds 

Colantha 11 

270.7 

296.0 

25.3 


Golan tha IV 

183.9 

160.8 


23.1 

Samantha IV 

177.0 

146.5 


30.5 

Fancy V 

131.9 1 

118.9 


13.0 

Total ^ 

763.5 

722.2 

25.3 

66.6 


Sawdust (Douglas fir) 


Samantha IV 

223.8 

172.2 


51.6 

Fancy V.. 

137.7 

121.1 


16.6 

Colantha 1 1 

303.9 

277.9 



Colantha IV 

139.6 

106.0 


33.6 

Total 

805.0 

677.2 i 


127.8 


Experiment 11 
Starch 


Diantha. 

436.4 

431.2 


No. 192 

278.0 

260.2 


Colantha IV 

353.0 

370.9 

17.9 

Samantha IV 

318.0 

316.2 

No. 46 

265.7 

253,6 




Total 


1,632.1 i 

17.9 



Sawdust (Eastern white pine) 


No. 192 

297.5 

288.4 


Samantha IV. 

323,3 

337.2 

13,9 

No. 46.... 

318.4 

295.8 

Diantha 

381.5 

378.8 


IV 

344.2 

321,4 




TfttftL. 


1,621.6 

13.9 



Note: The tea-day preiimiaary interwenes In each cart betweea 
periods. ' ' '' 


m 
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With the Douglas fir sawdust versus starch experiment the net 
decrease was: starch, 41.3 pounds; sawdust, 127.8 pounds. With 
the white pine sawdust it was starch, 9.0 pounds; sawdust, 
43.3 poun&. 

After the first month or so of lactation it is normal for a cow to 
gradually decline in milk production. Any increases reported 
in the table are due to the fact that the cows in question had not 
quite reached the peak of their production when the experiment 
was begun. 

CHAJS'GES IN BODY WEIGHT 


All COWS were weighed on each of three consecutive days at the 
beginning and end of each half of each experiment. The detailed 
data are shown in table 5. 


TABLES 

Gain or loss in weight in, sawdust-starch experiment 
Experiment I (Douglas fir sawdust) 
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TABUS S — Conlinuei, 

EKperiment II (Eastern wMte pine sawdnst) 


cowa 

STABCH 

CGW3 


SAWDCBT fSASTSKS- 
WHITIB PISB) 


Weight i 

Gain 

Loss 



Weight 1 

Gain 

Loss 

Colantba II 

B 

1,170 

25 


No. 102 

B ^ 

1,255 



1 

E 

1,195 



1 

E 

1,265 

10 


f 

Diantba | 

B 

E 

1,265 

1,285 

20 


Samantba IV , . 

f 

-1 

B ' 
E 

1,265 

1,290 

25 ^ 


Colantha IV | 

B 

E 

1,245 

1,240 


5 

No, 46 

1 

•••\ 

B ’ 
E 

1,215 

1,190 


25 

No. 192 1 

B 

E 

1,280 

1,325 

45 

1 

Golantba II . . . 

f 

B 

E 

1,240 

1,250 

10 


Samantba IV | 

B : 
E I 

1,275 

1,285 

10 

1 

Diautba 

...{ 


B 


5 

No. 46 1 

B ; 

E ! 

1 

l,200i 

1,220 

20 ^ 

1 

Colautlia IV. . . 


B 

E 

1,215 

1,245 

30 


Total 

120 ; 

5 





75 

30 








Stsrcli — net gain 115 pounds 

Sawdustr-net gain .45 pounds 


Stsrcli — net gain 115 pounds 

Sawdustr-net gain .45 pounds 


B ~ beginning of period; E ~ end of period. 

Eaoli weight reported above is an aver^ of three weights taken on consecu- 
tive days. 

CONCLUSIONS ON THE MILE PEOUUCTION INVESTIGATION 

The Tnilk yield was slightly higher when starch was fed than 
when the digestion equivalent of either Douglas fir or white pine 
sawdust was fed. The white pine made a sli^tly better showing 
in this respect than did the Douglas fir. 

The initial shrinkage in milk flow was much more marked with 
both sawdusts than with the starch. 

Net gains in body weight were somewhat hi^er on the starch 
than on either sawdust although changes in weight were not 
pronoimced. 

It is not advisable in an experiment of this kind, with a rda- 
tively small number of cows, to draw too definite (xmehisoDS. 
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The results indicate, however, that the animals derived some 
benefit from the sawdust. 

GENEEAL CONCLUSIONS 

As a result of our studies the following general conclusions 
are drawn: 

1. Hydrolyzed sawdust is composed almost entirely of crude 
cellulose, lignin, and a mixture of hexose and pentose sugars. 

2. Animals will not eat the hydrolyzed sawdust when fed by 
itself. In order to promote consumption it is necessary to mix 
it with other grains. Occasionally an animal 'null refuse to eat 
the mixture of which the sawdust is a component. 

3. About 4 pounds daily is all that the mature dairy cow will 
consume, especially, if it is fed for any length of time. 

4. Digestion studies show that the dry matter of the Eastern 
white pine sawdust was about 46 per cent digestible, while that 
of the Douglas fir sawdust was about 33 per cent digestible. In 
the case of the Douglas fir sawdust, digestion was confined 
principally to the invert sugar formed by the hydrolysis, while 
in the case of the w'hite pine sawdust apparently some of the 
cellulose was digested also. The "residue” from the white pine 
sawdust is substantially worthless as a feed, and presumably the 
same is true of that from Douglas fir. Although no digestion 
studies were made on the latter the inference is that the total 
product from the Douglas fir having proved inferior to that from 
the white pine, the same would be true of the "residue.” 

5. If the process of hydrolysis could be modified so as to con- 
vert a larger proportion of the cellulose of the wood into sugar, 
or more completely separate the cellulose from the lignin the 
food value of the material would be enhanced. If the above 
is not possible from the standpoint of economy it might be worth 
while to mix the extract with a carrier having some substantial 
food value. The mixing of the extract with the inert residue 
produces an inferior food product. 

6. The evidence at hand indicates that the white pine sawdust 
is likely to respond to treatment better than the Douglas fir. 
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This may be due to the fact that in the white pine the linkage 
between lignin and cellulose is less firm than it is in the Douglas 
fir. 

7. On the basis of equal amounts of digestible nutrients the 
sawdust when fed to dairy cows produced only slightly smaller 
amounts of milk than did corn starch, but it took, on an average, 
2.75 pounds of sawdust to equal one pound of starch. 

8. On the basis of the present supply and cost of carbohydrate 
concentrates it is not believed that the product as now prepared 
has any economic value. Under unusual conditions, as in case 
of an extreme shortage of ordinary feedstuffs, it might be used as 
a partial substitute for the cereal grains or starchy by-products. 

9. The Forest Service of the United States Department of 
Agriculture is to be commended for its efforts to find a use for 
the vast amounts of waste sawdust. Progress has been made 
and it is hoped that a continuance of the study will bring us 
nearer a satisfactory solution of the problem. 
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PEROXIDASE AS A FACTOR IN BUTTER 
DETERIORATION* 

L. S. PALMER AKD M. M. MILLER 

Dkision of Agricultural Biochemistry, University of Minnesota, Si. Paul, 

Minnesota 

The extent to which the natural enzymes of nulk contribute to 
the deterioration of butter is stiU an unsettled question. This is 
especially true for peroxidase, which is certainly the most abund- 
ant as weU as the most potent of the oxidizing ferments normal 
to milk. 

When cream is pasteurized at temperatures sufficiently high 
to destroy peroxidase, the keeping quality of the butter is often 
enhanced. Rogers, Berg, and Davis (1) Rogers, Berg, Potteiger, 
and Davis (2), Larson, Fuller, Jones, Gregory, and Tolstrup (3), 
and Himziker, Spitzer, MiQs and Switzer (4) have obtained 
results of this cWacter, although Mortensen, Gaessler, and 
Cooper (5) were xmable to detect such an effect. The data of 
Palmer and Combs (6) on tallowy decomposition of butter can 
also be interpreted as showing that the natural oxidases are a 
factor, at least in this type of deterioration. 

Regardless of whether there are sufficient data to show defi- 
nitely that the temperature of pasteurization is a major factor 
in determining the keeping quality of butter, it must be admitted 
that there has been a tacit assumption among buttermakers that 
the destruction of all enzymes in cream is an important aid in 
butter storage. So far as peroxidase is concerned the wide- 
spread use of the Storch test in creamery practice has given rise 
to the belief that peroxidase itself is detrimental to the keeping 
quality of butter. 

* Received for publication November 3, 1925. Published with the approval of 
the Director as Paper No. 568, Journal Series, Minnesota Agr. Expt. Station. 
The results presented formed a portion of the thesis of Mr. Miller for the M. S. 
degree. University of Minnesota, 1924. 
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A more direct means of determining the effect of peroxidase in 
butter deterioration suggested itself to us, namely, to add lai^e 
quantities of the enzyme to cream which had been rendered free 
of enzymes by heat and to obser\’'e the keeping quality of the 
butter in comparison with check lots containing no peroxidase. 
The present paper sets forth briefly the results of such an 
experiment. 

EXPERIMEXTAn 
Method of procedure 

Peroxidase was concentrated from horse-radish roots accoiding 
to the method of Willstatter and Stoll (7) as modified by Wfils- 
tatter (8). The aqueous solution of nearly pure peroxidase 
obtained from 10 kgm. of roots was concentrated under reduced 
pressure. This solution had a yellow color and spicy flavor. A 
qualitative examination showed that purpurogallin was readily 
produced in large quantities from pyrogaUol when the enzjune 
solution was tested by a method essentially like that recom- 
mended by Rice and Hanzawa (9). * 

The effect of the enzjrme was determined in both sweet and 
ripened cream butter at room temperature and at O^C. A ^ 
pound lot of 40 per cent cream was pasteurized at 180°F. for ten- 
minutes and then divided into four equal parts. Two of these 
were ripened with starter to an acidity of 0.6 per cent. One 
hundred ten cubic centimeters of peroxidase solution were added 
to one 10 pound lot of both sweet and ripened cream, the other two 
portions being kept as checks. All four lots were thrai churned 
and the butter drained, washed, salted, and worked in the usual 
manner. The butter from each lot was packed in one-pint ^aas 
jars having glass tops, rubber seals, and metal clamps. Aseptic 
conditions were maintained as far as po^ble throughout, all 
utensils, jars, etc., being sterilized in flowing steam. Qne-haM 
of each lot of butter was stored at room temperature and the 
other half at 0°C. The average composition of the butter from 
24 one-pint samples, including six from each lot, as deteanmnfed 
by the Koh m an method was as follows: fat, 82.6 per cent; mois- 
ture, 13.9 per cent; salt, 2.9 per cent; and curd, 0.7 per rout. 
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Examination of tie various lots and sub-lots of butter was made 
at inter\’’als of approximately 115, 180, and 335 days from the 
date of churning. The examination included (a) a study of the 
organic and amino acids in the aqueous phase of the butter, (6) 
peroxidase tests on the aqueous phase of the butter, (c) the Kreis 
test on the butter fat and (d) a determination of the amount 
of oxidized fatty acids in the fat. In addition there was a general 
examination for quality of the stored samples. 

The organic and amino acids in the butter serum were deter- 
mined by the Foreman (10) method, the serum being isolated 
from 200 grams of butter by a modification of the method sug- 
gested by Hunziker and others (4), the serum and washings being 
made up to 500 cc. volume. The presence of peroxidase was 
detected ndth the guaiac, paraphenylenediamine (Storch) and 
pyrogallol reagents. The Kreis test was made by Kerr’s (11) 
modification and the amoimt of oxidized (petroleum-ether in- 
soluble) fatty acids determined by Fahiion’s (12) method. 

Results 

The effects of the added peroxidase were entirely negative 
throughout so far as any chemical changes or evidences of deteri- 
oration due to the presence of excessive amounts of peroxidase 
were concerned, makmg it unnecessary to give analytical results 
in detail. There was no proteolysis whatever in either the en- 
zjTue or check samples, even after eleven months at room tem- 
perature. It was not expected that peroxidase would be a factor 
in deterioration of this type; the result, however, serves to show 
that the butter was entirely free from other important agents of 
deterioration. All enzyme samples gave strong tests for perox- 
idase throughout the entire period of observation showing that 
active enzyme was present at all times. The Kheis test was 
negative for all samples, even those stored for nearly a year at 
room temperature. Petroleum-ether insoluble fatty acids were 
determined only at the end of the three months storage period. 
The amount ranged from 0.3 to 0.9 gram per 100 grams of butter 
fat, but there were no difference between the enz 3 Tne and check 
sample that could be determined by this method. 
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The general quality of all the samples of butter was good. 
There was no difference between the enzjnne and check samples 
as to odoF; flavor or color. There was no bleaching in any case. 
AE the samples stored at O^'C. were edible and were pronounced 
good butter, even after eleven months storage. The samples 
held at room temperature for the same period were also remark- 
ably well preserved considering their age and method of storage. 
All persons to whom they were shown exhibited great surprise at 
their quality. The only pronounced defects in the cold storage 
and room temperature samples was a mealy quality in the former 
and a stale flavor in the latter. 

CONCLUSIONS 

Peroxidase in itself is not a factor in the deterioration of storage 
butter. The enhanced keeping quality observed in butter made 
from cream pasteurized at high temperatures is due to the elimi- 
nation of agents for deterioration other than the peroxidase 
enzyme. 
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A BABCOCK-GERBER METHOD FOR DETERMINING 
THE PERCENTAGE OF FAT IN ICE CREAM* 


H. C. MOORE AND P. A. MORSE 

Dairy Department, Rutgers Unitersity Agricultural Experiment Station, New 

Brunsmek, New Jersey 

A fat standard for ice cream has been set by the Federal Gov- 
ernment and by practically every state in the Union which makes 
a very eminent demand for a quick, inexpensive and fairly ac- 
curate method for determining the percentage of fat in ice cream. 
In the last few years there has been submitted to the dairy indus- 
try, nxunerous methods for determining the percentage of fat in the 
ice cream. The most recent of these methods is the Troy-Fucoma 
method which is a modification of the Gerber method of testing 
dairy products as used in Europe. Where careful analytical re- 
sults are desired the hlojonnier method is to be recommended 
but this method takes 'time and is rather expensive when the 
cost of equipment is considered. Due to the cost of the Mojon- 
nier test it is impracticable and impossible for the small ice cream 
manufacturer to use this method. Experiments with the Troy- 
Fueoma method have shown that this method checks closer with 
the Mojonnier than any of the other methods which are now in 
use for testing ice cream for butterfat. The belief that the re- 
agents used in the Troy-Fucoma test would work in the Babcock 
test bottle and thus eliminate the necessity of buying additional 
testing equipment, led to this experiment. 

PLAN OP EXPERIMENT AND EXPERIMENTAL METHODS 

Forty samples of ice cream were tested by each of the three 
methods. These samples of ice cream were secured from the 
retail stores in New Brunswick and represent samples from six 
different manufacturers, a pint of ice cream being purchased for 
each sample. The samples were melted in a water bath and 

* Received for publication November 23, 1925. 
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brought to about room temperature. As soon as the samples 
had reached this temperature they were thoroughly mixed and 
charges weighed out for each of the three methods studied. 

A. Babcock-Gerber method. Since amyl alcohol is slightly 
soluble in butterfat in the preliminary trials with this method 
the alcohol was used in the fottowing amounts: 1.5, 1.8, and 2 ce. 
It was found that 1.5 cc. of amyl alcohol did not give as clear and 
as well defined fat columns or did the results check as close with 
the Mojonnier as when 1.8 or 2 cc. were used. In the Troy- 
Fucoma method they use 1 cc. of amyl alcohol per 5 grams of ice 
cream which is equivalent to using 1.8 cc. of alcohol per 9 grams 
of ice cream in the Babcock-Gerber method. In a few cases 
shghtly higher results were secured by using 2 cc. of amyl alcohol. 
However, these results were well within the experimental error 
and for actual practice the solubility of the amyl alcohol in butter- 
fat is not great enough to be a factor in the test when only enough 
is used to secure a clear fat column. Both the 9-gram 20 per cent 
ice cream bottles and the 9-gram 50 per cent cream bottles were 
used in this experiment. Since the 9-gram 20 per cent ice cream 
bottles are graduated in 0.2 per cent they should be used with this 
method. The samples were centrifuged in an electric non-heated 
tester. The directions for m aking the test are as follows: 

1. Weigh exactly 9 grains of weE mixed sample into 9 gram 20 per 
cent ice cream test bottle. 

2. Add 9 ce. of water and 1.8 cc. of amyl alcohol. 

3. Mix thoroughly. 

4. Add 17.5 cc. of dEuted commercial sulphuric acid (94 cc. of acid 
to 6 cc. of water for chocolate ice cream or 87 cc. of acid to 13 cc. of 
water for other flavors) in three proportions and mix thoroughly after 
each addition of acid and finaEy give samples a vigorous shaking. (To 
obtain a clear fat column this is very imixirtant.) 

5. Centrifuge for five minutes. 

6. Add hot water to bring contraiis up to the bottom of the neck of 
the bottle. 

7. Centrifuge for two minuto. 

8. Add hot water to bring the bottom of the fat column weE within 
the neck of the bottle. 

9. Centrifuge for one minute. 
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10« Place bottles in a hot water bath at a temperature of 135° to 
140°F. and leave for five minutes. 

IL Eemove each bottle as it is to be read^ add red reader and read 
per cent of fat with dmders. 

B. Gerher or Troy-Fiicoma metlmd. Much difficulty was ex- 
perienced with the Troy-Fucoma test in the preliminary trials 
and considerable time was spent in determining wffiat method of 
procedure gave the best results. Troy’s method as published 
by the Fucoma Company was first used and the results were 
very unsatisfactory both from standpoint of clearness of fat 
column and comparison to Mojonnier. The following method 
which is a slight modification of the one recommended by Fisher 
and Walts (1) w-as found to give the best results. 

1. Measure 10 cc. of diluted commercial sulphuric acid (94 cc. of 
acid to 6 cc. of water for chocolate ice cream or 87 cc. of acid to 13 cc. 
of water for other flavors) into special ice cream test bottles. 

2. Weigh exactly 5 grams of well mixed sample into test bottle using 
care to let the ice cream run down the side of the test bottle and spread 
over the surface of the acid “without mixing it. 

3. Add 5.5 to 6 cc. of winter (depending on size of bottle) and 1 cc. 
of amyl alcohol; insert rubber stopper and mix contents by inverting 
test bottles until contents are thoroughly mixed. 

4. Centrifuge immediately at a speed of 1000 to 1200 revolutions per 
minute for about four minutes. 

5. Place in water bath at 135° and hold for about five minutes. 

15. Centrifuge for two minutes. 

7. As soon as centrifuging is complete place in water bath at 135°F. 
for five minutes and read with dividers. 

C. Mojmnier method. The directions for testing ice cream for 
fat and total solids by the Mojonnier method as outlined by 
Mojonnier and Troy (11) were followed exactly. 

EESTTLTS 

The percentage of fat obtained on the forty samples by each 
of the three methods used and the total solid content are tabulated 
in tables 1, 2 and 3. Table 1 consists of eighteen samples of 



DETEEMXNIKG PEBCENTAGE OF FAT IN ICE CEBA5I 279 


vanilla, table 2 consists of t-wrelve samples of chocolate and table 
3 consists of ten samples of strawberry. Taking the Mojonnier 
or modified Roese-Gottleib method as the standard for compari- 
son, the per cent of variation of each of the Troy-Fucoma and the 
Babcock-Gerber from the Mojonnier are reported in tables 1 to 3. 


TABLE 1 

Percentages of fat in vanilla ice cream as determined hy Mofonnier^ the Troy-Fmotm 
and Babcock-Gerber method 


SAMPLE 

SrUMBEE 

MOJONNIEE 

TROT-FUCOMA 

1 

BABCOCE-OEBBEE 1 

1 

PEE CENT VARIATION 

Fat 

Total 

solids 

i 

1 

1 

Origi- 1 
nal 

i 

i 

Dupli- 

cate 

9 gram | 

20 per cent | 
bottle 

9 gram | 

50 per cent 
bottle 

; Troy- ! 
Fu - i 
coma 1 
from 1 
Mojon- j 
nier j 
1 

Babcock- 
Gerber from 
Mojonnier 

Origi- 

nal 

Dupli- 

cate 

Origi- : 
nai 

Dupli- 

cate 

20 per 
cent 
bottle 

50 per 
cent 

1 , 

1 

10.71 

38.29 

10.6 

10.5 

10.6 

10.4 

11.0 

11.0 

- 0.16 

- 0 . 2 lj 

+ 0.29 

2 

11.19 

39.86 

10.8 

11.0 

11.4 

11.4 

11.5 

11.5 

- 0 . 29 ' 

+ 0 . 21 ; 

+ 0.31 

3 

10.68 

36.43 

10.8 

10.8 

10.8 

10.8 

11. 0 

11.0 

+ 0 . 12 : 

+ 0 . 12 : 

+ 0.32 

4 

11.65 

37.78 

11.2 

11.6 

11.8 

11.8 

12.0 

12.0 i 

- 0.25 

+ 0 . 15 ' 

+ 0.35 

5 

11.63 

37.67 

12.0 

11.6 

11.8 

11.8 

12.0 

11.5 

+ 0.17 

+ 0 . 17 ' 

+ 0.12 

6 

14.64 

40.35 

13.8 

13.8 

14.5 

14.4 

14.5 

15.0 

- 0.84 

- 0.19 

- 0.64 

7 

14.14 

39.03 

13.2 

13.2 

13.8 

13.6 

13.5 

13.5 

- 0 . 84 : 

- 0.44 

- 0.64 

8 

; 14.59 

40.52 

14.4 

14.6 

14.8 

14.6 

15.0 

15.0 

- 0 . 09 i 

+ 0.11 

+ 0.41 

9 

: 12.90 

38.42 

12.6 

12.4 

12.8 

12.6 

12.5 

12.5 

- 0.40 

- 0 .^' 

- 0.40 

10 

^ 14.05 

38.67 

13.6 

13 4 

14.2 

14.2 

■ 14.0 

! 14.0 

- 0.55 

+ 0.15 

- 0.05 

11 

1 11.37 

38.73 

10.6 

i 10.8 

11.4 

11.4 

11.5 

1 11. 5 

1 - 0.61 

- 0 . 41 ; 

- 0.31 

12 

12.92 

37.85 

12.6 

12.8 

12.8 

12.8 

13.0 

1 13.0 

1 - 0.22 

- 0 . 12 ^ 

+ 0.08 

J 3 

10.84 

37.65 

10.4 

10.6 

11.0 

11.0 

11.0 

^ 11.0 

- 0.34 

+ 0.16 

+ 0.16 

14 ' 

11.56 

39.09 

J 2.6 

‘ 12.6 

11. 6 

11.4 

: 1 L 5 

: 12.0 

*+ 0.94 

-O.Oil 

+ 0.19 

15 

11.87 

38.28 

11.6 

11.6 

11.8 

11.8 

12.0 

i 12.0 

— 0.27 

- 0 . 07 ; 

+0.13 

16 

I 11.07 

38.53 

10.6 

10.4 

11.0 

11.2 

11.0 

^ 11.0 

- 0.67 

+ 0 , 03 | 

-0.07 

17 

I 11.48 

39.47 

10.4 

10.6 

11.8 

11.6 

; 12.0 

12.0 

1 - 1.02 

+ 0 . 22 ; 

+0.52 

18 

11.04 

38.23 

11.2 

11.4 

11.2 

11.2 

: 11,0 

! 11.0 

i + 0.26 

! 

+ 0.16 

-^0.04 

AYerage variation * 





The average variation from tlie Mojonnier on eighteen samples 
of vanilla ice cream was 0.44 per cent, in case of the Troy-Pa- 
coma; 0.17 per cent, for the Babcock-Gerber method usng the 
9^ram 20 per cent ice cream bottle and 0.25 per cent nsiog the 
9-gram W per cent cream bottles. The results obtained with the 
chocolate samples were higher with both the Troy-Fueoma and 
Babcock-Gerber with the exception of the Babcock^S^tiesP wh» 
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TABLE 2 

Percentage of fai in chocolate ice cream as determined by Elojonnier^ the Troy-Fucoma 

and Babcock-Gerber method 


SAMPLE 1 
SflCrMBER 

MOJOXNIEB 1 TBOY-PtrCOMA 

BABCOCK-GEBBEB 

PER CENT VARIATION 

Fat 

Total 1 Origi- 
solids j aal 

! 

Dupli- 

cate 

9 gram 

20 per cent 
bottle 

9 gram 

50 per cent 
bottle 

Troy- 

Fu- 

coma 

from 

Mojon- 

nier 

Babcock- 
Gerber from 
Mojonnier 


Origi- 

nal 

Dupli- 

cate 

Origi- 

nal 

Dupli- 

cate 

20 per 
cent 
bottle 

50 per 
cent 
bottle 

1 

12.16 

41.9li 11-8 

11.7 

12.4 

12.3 

12.5 

12.5 

--0.41 

+0.19 

+0.34 

2 

10.99 

38.8l| 11.0 

10.7 

11.0 

11.0 

11.0 

11.0 

-0.14 

+0.01 

+0.01 

3 

16.44 

44.40| 16.0 

16.2 

16.4 

16.5 

16.5 

16.5 

-0.34 

+0.01 

+0.06 

4 

15.53 

43.381 14.6 

15.0 

15.4 

15.5 

15.5 

15.5 

-0.73 

-0.08 

-0.03 

5 

14. 18 

41.57} 13.6 

13.2 

13.6 

13.6 

13.5 

13.5 

-0.78 

-0.58 

-0.68 

6 ' 

15.00 

: 40,641 14,0 i 

14.0 

14.4 

14.6 

14.5 

14.5 

-LOO 

-0.50 

-0.60 

7 ' 

i 11.72 

40.26| 11.4 ! 

11.2 

11.8 

11.8 

12.0 

12.0 

-0.42 

+0.08 

+0.28 

8 

11.81 

40.1Si 1L2 

11.2 

11.4 

11.4 

11.5 

11.5 

ho. 36 

+0.04 

+0.24 

9 ! 

10.70 

39.S2| 9.6 i 

9.8 

10.2 

10,2 

10.5 

10.5 

-LOO 

-0.70 

-0.20 

10 ^ 

11.53' 

39.861 11.4 ! 

11.4 

11.6 

11.6 

11.5 

11.5 

-0.13 

+0.07 

-0.03 

11 

10.86' 

40.45 10.4 

1 10,4 

10.4 

10.4 

10,5 

10.5 

-0.46 

-0.46 

-0.36 

12 

I 11.36' 

41.04| 11.0 

11.2 

11.6 

11.4 

11.6 

11.5 

-0.25 

+0.15 

+0.15 

Average variation 

0.51 

0.24 

0.24 


TABLE 3 

Percentage of fat in sirawherry ice cream as determined by Mojonnier^ the Troy^ 
Fucoma and Edbcock'-Gerber method 


sample 

NUMBER 

MOJONSIEB 

TBOT-PUCOMA 

BABCOCK-GEBBER 

PER CENT VARIATION 

Fat 

Total 

Bolids 

Origi- 

nal 

Dupli- 

cate 


9 gram 

50 per cent 
bottle 

Troy- 

Fu“ 

coma 

from 

Mojon- 

nier 

Babcock- 
Gerber from 
Mojonnier 

Ori»- 

nal 

Dupli- 

cate 

Origi- 

nal 

Dupli- 

cate 

20 per 
cent 
bottle 

so per 
cent 
bottle 

1 

2 

3 

4 ' 

5 

§ : 

7 

8 ^ 
9 

10 ^ 

9.61 
13.79 
12.36 
12,97 
9.51 
: 10.26 
: 10.51 

I 9.63 
9,72 
9.44 

39.67 
40.62 

40.68 
38.47 
37.65 
38.10 
34,73 
Z7,m 
37,75 
38.23 


9.8 

14. 0 

12.0 

13.0 
9.6 
9.8 
9.8 

9.8 

10.0 

8.8 


9.8 

14.0 
12.2 

13.0 
9.4 

10.4 

10.2 

9.8 

10.0 
9.4 

10.0 

14.0 

12.0 

13.0 
9.5 

10.5 

10.5 

10.0 
10.0 

9.5 

10.0 

14.0 

12.0 

13.0 
9.5 

10.5 

10.5 

10.0 
10.0 

9.5 


+0.19 

+0.21 

-0.16 

-0.03 

+0.01 

+0.04 

-0.31 

‘-0.27 

+0.28 

:-0.04 

+0.39 

+0.21 

-0.36 

-0.03 

+0.01 

+0.24 

-0.01 

-0.37 

+0.28 

+0.06 

Average vai 

iation * 



0.19 
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the 9-grain 50 per cent test bottles were used. The average 
variation from the iMojonnier in the case of the twelve chocolate 
samples was 0.51 per cent for Troy-Fucoma and 0.24 per cent for 
Babcock-Gerber for both kinds of test bottles. The reason for 
these higher results is likely due to the fact that chocolate ice 
cream is generahy believed to be much harder to test by any 
method than the other flavors because of the rich fat content in 
the chocolate itself, and that the acid does not completely dis- 
solve the solids not fat. The strawberry ice cream checked 
closer with the Mojonnier by both methods than did either of the 
other two flavors. The reason for this may be that on the average 
the fat and total solids content of the strawberry ice cream was 
lower than the other two flavors. The difference, when compared 
to the chocolate samples, amoimts to about 2 per cent for fat and 
2.7 per cent for total solids. The average variation from the 
Mojonnier on ten samples of strawberry ice cream was 0.37 per 
cent in case of Troy-Fucoma; 0.15 per cent for the Babcock- 
Gerber using the 9-gram 20 per cent ice cream bottles and 0.19 
per cent using the 9-gram 50 per cent cream bottles. 

Considering the three flavors as one group the average variation 
from the Mojonnier on the forty samples w^ 0.44 per cent in 
ease of Troy-Fucoma, 0.19 per cent for the Babcock-Gerber 
using the 9-gram 20 per cent ice cream bottles and 0.23 per cent 
using the 9-gram 50 per cent cream bottles. The average varia- 
tion for the Troy-Fucoma method is slightly higher than ihat 
found by Fisher and Walts (3) and the variation for the Babcock- 
Gerber method is much less than the one they reported for their 
Modified Babcock method using ethyl alcohol and sulphuric 
acid. 

In order to determine the accuracy of the Troy-Fucoma and 
Babcock-Gerber methods when the Mojonnier is used as a stand- 
ard for comparison, the results of the forty samples have b^n 
summarized in table 4. 

A study of this table ^ows more favorable r^ults for the 
Balxxxflr-Gerber method. In the case of this method 67.5 per 
cent of aU samples checked within 0.2 per cent (smalls gtsidmr 
tion on bottle), while with the Thoy-Fucoma method only 25 
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per cent of samples cheeked ■within 0.2 per cent of the JMojonnier. 
If a comparison is made ■with the Babcock-Gerber method using 
the 9-gram 50 per cent cream bottles, twice as many samples 
checked within 0.2 per cent of Mojonnier as in case of Troy- 
Fucoma and 92.5 per cent checked ■within 0.5 per cent (smallest 
graduation on bottle). Also only 38 samples or 95 per cent of 

T.4BLE 4 

Summary of pcrcerdages of variaiion of Troy'-Fucoma from Mojonnier method 

3 samples or 7.6 per eent checked within 0.1 of 1 per cent of Mojonnier 
10 samples or 25.0 per cent cheeked within 0.2 of 1 per cent of Mojonnier 
IS samples or 45.0 per cent checked within 0.3 of 1 per cent of Mojonnier 
22 samples or 55.0 per cent checked within 0.4 of 1 per cent of Mojonnier 
25 samples or 62.5 per cent checked within 0.5 of 1 per cent of Mojonnier 

32 samples or 80.0 per cent checked within 0.75 of 1 per cent of Mojonnier 
38 samples or 95.0 per cent checked within 1.00 of 1 per cent of Mojonnier 

Summary of percentages of variaiion of Babcock-Gerber froin Mojonnier method 
using 9 gram 20 per cent ice cream bottle 

13 samples or 32.5 |>er cent checked within 0.1 of 1 per cent of Mojonnier 
27 samples or 67.5 per cent cheeked within 0.2 of 1 per cent of Mojonnier 

33 samples or 82.5 per cent checked w’ithin 0.3 of 1 per cent of Mojonnier 

34 samples or 85.0 per cent cheeked within 0.4 of 1 per cent of Mojonnier 

35 samples or 95.0 per cent checked within 0.5 of 1 per cent of Mojonnier 
40 samples or 100.0 per cent cheeked within 0.75 of I per cent of Mojonnier 

Summary of percentages of variaiion of Babcock-Gerber from Mojonnier method 
using 9 gram SO per cent cream bottle 

12 samples or 30.0 per cent checked within 0.1 of 1 per cent of Mojonnier 
20 samples or 50.0 per cent checked within 0.2 of 1 per cent of Mojonnier 
24 samples or 60.0 per cent checked within 0.3 of 1 per cent of Mojonnier 
34 samples or 85.0 per cent cheeked within 0.4 of 1 per cent of Mojonnier 
37 samples or 92.5 per cent checked within 0.5 of 1 per cent of Mojonnier 
40 samples or 100.0 per cent checked within 0.75 of 1 per cent of Mojonnier 

all samples checked -witMn l.(X) per cent from Mojonnier in case 
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only 18 samples were lower with, the Babcock-Gerber method for 
the 9-gram 20 per cent ice cream bottles and 17 samples for the 
9-gram 50 per cent cream bottles. 

Much difficulty was experienced with the Troy-Fucoma method 
in securing a clear fat column and also duplicate checks. If the 
method used was such that the fat column consisted of about half 
fat and the other half a hazy film the results seemed to check 
closer but the difficulty with this is to secure the right amount 
of hazy film. Also by screwing tbe rubber stopper at the bottom 
of the bottle some of the materials are forced up into the fat 
colunm thus increasing the reading. In this experiment dupli- 
cate determinations were repeated until a clear fat column was 


TABLES 

Effect o/ total solids on percentages of variations of Trop-^Fucoma ayid Babcock- 
Gerber methods from Mojonnier method 


j 

i 

TBOY- 

BABCOCX-GEEBBR 

1 

! 

j 

FUCOMA 

20 per cent 
TOttlM 

50 per cent 
bottles 

Average variation of all 40 samples 1 

0.44 

0.19 

0.23 

Average variation of all 20 samples with highest | 
solid content | 

1 

1 

0.5S 1 

0.23 i 

0.30 

Average variation of 20 samples with low’est solid 
content 

0.32 

i 

0.14 

0.16 



obtained and in some cases with chocolate ice cream this required 
as many as six trials. In the case of one sample of chocolate 
ice cream not reported in this experiment a total of seven trials 
was made and on only one bottle was a fat reading of 10.6 per 
cent secured and the reading on duplicate bottle was less than 9 
per cent. The Mojonnier on this sample was 12.05 per cent and 
the Babcock-Gerber 11.85 for the 9-gram 20 per cent ice cream 
bottles and 12 per cent for the 9-gram 50 per cent cream bottles. 
In no case was more than one determination required on any one 
sample with the Babcock-Gerber method. 

A study of accuracy of the Troy-Fucoma and Babcock-Gerber 
methods as effected by the total soEds in the ice cream are re- 
ported in table 5. 
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From this table it will be noted that the 20 samples with lowest 
solid content checked closer by both methods. All samples in 
the second group have a solid content above 39 per cent. Since 
these figures show a uide variation, similar experiments should 
be conducted at other laboratories, before any definite conclusions 
should be drawn. 


SUMMARY AND CONCLUSIONS 

1. The Babeock-Gerber method for determining the percentage 
of fat in ice cream is the adaption of the reagents in the Troy- 
Fucoma method applied to Babcock equipment. 

2. To study the relative value of the Babcock-Gerber method 
as compared to the Troy-Fucoma and Mojonnier method, 40 
samples of ice cream were analyzed by these three methods. 

3. A’'uch difficulty wns experienced in obtaining clear fat 
columns and duplicate checks with the Troy-Fucoma method. 

4. Xlsiag the Mojonnier method as a standard for comparison 
the results indicate that the Babcock-Gerber method is 231 per 
cent more accurate than the Troy-Fucoma. 

5. The average per cent of variation from the Mojonnier on 
40 samples was 0.44 per cent for Troy-Fucoma, 0.19 per cent for 
Babcock-Gerber using the 9-gram 20 per cent ice cream bottles 
and 0.23 per cent using the 9-gram 50 per cent cream bottles. 

6. The Babcock-Gerber method seems well adapted for factory 
use where simplicity, cost of equipment and time are important 
considerations, however, where accurate analytical results are 
desired the Mojonnier should be used. 

7. With the Babeock-Gerber method 67.5 per cent of all 
samples checked within 0.2 per cent while with the Troy-Fucoma 
method only 25 per cent of the samples checked within 0.2 per 
cent of the Alojonnier. 

8. It would seem that the higher the total solids content, the 
more difficult it is to obtain accurate results when sulphuric acid 
is used as the solvent. 
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OFFICLiL EECORDS AS jMATERIAL FOR STUDYING 
INHERITANCE OF MILK AND BUTTERFAT 
PRODUCTION* 


M, H. FOHEMAN 

Dairy Cattle Breeding ImesiigationSf Bureau of Dairying^ Untied States Depart- 
ment of Agriculture, Washington, D. C, 

During the past two decades a large number of purebred cows 
of the dairy breeds have been officially tested for milk and butter- 
fat production. These tests have been carefully supervised by 
the agricultural colleges of the countrj^, and the accuracy and 
thoroughness of this work is safeguarded by carefully drawn and 
rigidly enforced rules. The results of these tests as published 
by the breed associations in the various volumes of the Advanced 
Register and Register of Alerit make up a vast reservoir of ma- 
terial of recognized value for the statistician. 

For the purpose of assaying these records as material for study- 
ing the inheritance of milk and butterfat production, the initial 
and reentry records of all cows of three breeds having two or more 
records have been arranged in age groups. This method of 
study was used in order to determine the correlation existing 
between records made at two different ages by the same group of 
cows. The correlations are based on actual initial and reentry 
records made at corresponding ages by each cow in the groups. 

It is assumed that any official record of production is a demon- 
stration of the inherited ability of the cow to produce milk and 
butterfat, and the extent to which this ability is hindered by the 
combination of things constituting environment. The term 
emironment is used in its broad sense, and includes all factors 
other than genetic or heritable factors, such as methods of feeding, 
climate, housing, number of daily milkings, season of freshening, 
disease, accidents, etc. If we assume that the environment is 
such as to afford the inherited ability full and unrestricted play; 
then it would appear that the correlation between the initial and 

* EeceiYcd for publication November 1, 1925. 
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reentry records made by a group of cows at eorr^ponding ages 
should be perfect. In other words, the relative ranking of the 
records of a group of cows on reentry should be the same as the 
relative ranking of the initial records made by the same group 
of cows at an earlier age. The variation of this correlation from 
plus one should measure the extent to which environment in- 
terferes with the complete expression of the inherited ability, 
and should indicate the value of such records for studjing heredity. 

Xineteen groups of Guernsey cows were studied, and the data 
on their initial and reentry butterfat records are listed in table 1. 
The coefl&cients of correlation vary from 0.8591 ± 0.0442 to 
0.3290 ± 0.1228. Six other correlation coefficients are above 
0.7, six above 0.6, four above 0.5, while only two fall below* 0.5. 
The average correlation coefficient is 0.6605. The requirements 
for entry in the Advanced Register increase from two years up 
to five years of age, and the higher requirement at the reentry 
age automatically excluded a certain proportion of records which 
might have been lower than the initial records made by the same 
individuals. Of the 674 animals in this study, 593 could have 
qualified for reentry at the ages shown, even though they had 
produced less fat on the retest. Of these 593 animals, 43, or 
7.25 per cent, made less fat on reentry test than on initial test. 

Data on 33 groups of Jerseys with initial and reentry butterfat 
records are shown in table 2. The correlation coefficients vary 
from 0.8116 ± 0.0482 to 0.3391 ± 0.1107, with an average of 
0.6071. Six others are over 0.7 and nine over 0.6. Seven are 
over 0.5, six over 0.4, and four over 0.3. Twenty-three are above 
0.5 and ten below. Four hundred seventy-five of the 2419 cows 
would have been excluded from reentry by the requirements if 
the reentry record had been less than the initial record. Of the 
other 1944 animals, 293, or 15 per cent, produced less on retest 
than on the initial test. 

Sixteen groups of A3rrshire cows with initial and reentry milk 
records were studied, and the data are listed in table 3. The 
highest coefficient of correlation is 0.6445 ± O.C^Ol, and the lowest 
is 0.0826 ± 0.0391. The average aiefficient of correlation is 
0.5021. Three others are over 0.6, five are over 0.5, two are above 


jousNAi* m oAiB-T raiH tx, mo. 3 



288 


M. H. FOHmLlN 


TABLE 1 

Correlation coefficients of initial and reentry records made 

various ages 


SCCMBEE 
OF CO’WS 


IXlTIxU. BEENTBT 
i EECOSD BECOIlD 

i ACxE AGE 

I yean years 

12 to 24 


m to 5 


2 to 2| 

6 

2i to 3 

.3 

2| to 3 

4 

2i to 3 
24 to 3 ! 


m to 5 


14 to 4i 


41 to 5 


3 to 31 


5i to 6 


m to 4 


4J to 5 


4 um 

r 

4 to 4i 


51 to 6 


mean 

STANO.UiD ! 

deviation 

COEFFICIENT 

OF 

vabiatjon 


pounds 


424±S 

76zb5 

1S.4±1.3 

oOldzlO 

I00d:7 

20. Oil. 4 

448dz6 

90dz4 

20.1i0.9 

551 zbS 

122d=6 

22.1il.0 

427dz9 

92zb6 

21.5il.5 

! 541zizl2 

121dzS 

22.4il.5 

435 dz 6 

7 i zb4 

17.7il.0 

552±9 

106zb6 

19.2il.l 

418:bl2 

103±8 

24.6i2.0 

596zbl7 

152±12 

25. 5zb2.0 

416dzl0 

87zh7 

20.9il.7 

574d=13 

115dz9 

20.0il.6 

430dz9 

81zb7 

IS.Szizl.S 

600=bl4 

119zbl0 

19.Sil.6 

44S=bS 

77zb6 

17.2il.3 

529±9 

85 zb6 

16.1il.2 

447zb9 

96±7 

21.4il.5 

1 544:i:13 

137=bl0 

25.2dzL8 

1 484d=9 

73=b7 

16.8±1.5 

547=i:14 

lOSdzlO 

19.7zbi.8 

455dzl0 

70zb7 

15.4zbl.5 

I 558dzl6 

117zbl2 

21.0dz2.1 

421zbll 

; 74d=8 

: 17.6zfc:1.9 

1 550dzl4 

94dzl0 

IT.ldzLS 

442zbll 

8Sd=8 

19.9zbl.7 

mrdzW 

83dz7 

14.6dzl.3 

422dzll 

70dz8 1 

16.6dzl.9 

i 574zbl4 

89dzl0 : 

15,5d=1.7 

459d=ll 

82d=8 

17.9dzl.7 

565d=ll 

77dz7 

13.6d=1.3 

479dzl5 

89d=10 

lS.6dz2.2 

556dzl7 

103zfcl2 

18.5dz2.] 

443=fcl4 

9ldzl0 

20.5dz2.2 

i 546±i8 

117=fcl3 

2L4dz2.3 

S06dzl9 

i03dzl3 

20.4dz2.6 

■ 5^dz21 

119dzl5 

20.5dz2.6 

464zizl3 

76±9 

16.4zi=2.0 

' 566dz20 

H7±14 

20.7zh2.5 


by Guernsey co'wsat 


COEFFICIENT 
OF COEBELATION 


+0.7390±0,0452 

+0.7247±0.0311 

+0.6953±0.0494 

+0.6059±0.0510 

+0.6549=t0.0542 

-f0.7i52dz0.0565 

+0.6553=b0.0660 

-f0.5766di0.0686 

-}-0.7936d:0.0364 

+0.5080d=0.0962 

+0.5331dz0.1005 

-f0.4955dz0.1138 

-f0.6506zb0.0710 

+0.7501dz0.0696 

+0.3290=b0.1228 

-f0.5959dz0.1056 

+0.6945dz0.0801 

-f0.7872dz0.0686 

-fO.8591dzO.CM42 







TABLE 2 

Correlaiion coefficients of imliai and reentry buUerfai records made by Jersey cowi 

at various ayes 


ITUMBEII I 

OF cows 1 

INITIAL 

SECOEO 

AGE 

BBENT'SY j 
SECOai) 1 
AGE 1 

MEAN 

STANDAED 

DE^XITION 

COEFFICIENT | 
OF \ 

TASIAMON 1 

COEF'naSNT 

OF COEEELAtlOX 

j 

fears 

tears | 

pounds 

pounds 

1 


51 j 

ii to 2 

24 to 3 ( 

340=i=6 

412d=8 

60±4 

S7d=6 

17.6±1.2| 

“f 0. 6597d=0.0533 

127 

l-i to 2 

to 34 

3o7 daS 
452d=6 

76d=3 

100d=4 

2L3=i:0.9l 

22.ldco.9i 

“f'0 . 7057 rdO . '03CMI 

40 

1| to 2 1 

3J to 4 

342±7 

4SOdrlO 

6l:d=5 

91=h7 

lS.7d=i.4l 

12.S=dl.0! 

+0.6221=4:0.0654 

71 

n to 2 1 

4 to 45 

343±6 

oOSdrS 

71±:4 

106d=6 

20.7d=1.2 

20.9=dl.2 

+0.4S45±0.0612 

240 

2 to 2i 

3 to 34 

381=h4 

477±5 

83ab3 

116±:4 

21.6d=0.7 

24.3=d0.7j 

+0,63i8d=0.0262 

218 

2 to 24 

3| to 4 

395i4 

494d=5 

S6±3 

118±4 

21.8±0.7 

23.9±0.8 

+0.6940d=0.0237 

168 

2 to 24 

4 to 4-i 

367d=4 

496±6 

68d=3. 

107db4 

18.5d=0.7 

2L6d=0.8 

+0 . 5877 =4=0 . 0341 

152 

2 to 2i 

4| to 5 

39ldb5 

553±7 

83dz3 

124=fc:5 

21.2±0-S 

22.4±0.9 

+0.57o4±0.0366 

105 

2 to 24 

5 to 5i 

388±6 

535=h8 

88d=4 

liSzfcS 

22.7d=1.0 

2L5d=1.0 

+0.5478d=0.0^6 

90 

2 to 2i 

5i to 6 

375=s=5 

563±10 

77d=4 

145d=7 

20.5=4:1.0 

25.8d=1.3 

+0.5818±0.0470 

116 

2i to 3 

3i to 4 ' 

39oio 
485=h6 1 

77=b3 

96=h4 

19.5=4=0.8 

19.7=1=0.9 

-i-0.7736±0.0252 

I 

99 

2i to 3 

4 to 4| 

404^6 i 
523±9 

88=t:4 

128d=6 

21.8=4=1.0 

24.5=4=1.21 

+0.7105±0.0336 

53 

I 24 to 3 

4i to 5 

407d=9 

514drll 

96±:6 

116db8 

23.6=4:1.5; 

22.6=1=1,5; 

+0.6103±0.0581 

60 

24 to 3 

5 to 5i 

399±6 

535±ll 

72±4 

123iS 

18.0=4:1.1 

23.0=4=1.4' 

+0.3707±0.0751 

84 

3 to 34 

4 to 44 

420i6 

503±8 

87=i=7 

115±6 

20.7d=I.l 

22.9=4=1.2 

+0.7190±0.0S55 

68 

3 to 34 

44 to 5 

434±7 

5i6±9 

86dr5 

109=b6 

19.8d=l.l 

21.1=4=1.2 

+0.6138±O.OSO9 

56 

3 to 34 

5 to Si 

419±8 

525±8 

92±6 

88d=6 

22.1=4=1.4 

16.8=4=1.1 

+0.67D1±0.0#7 

53 

3 to 34 

5-1 to 6 

mdzB 

518±10 

88±6 

i09±7 

21. 0=4=1. 4 
21.0=4=1.4 

+0.5881*0. 0606 

61 

3| to 4 

4| to 5 

423±7 

514±9 

82±:5 

109db7 

19. 4=1=1. 2 
21.2=1:1.3 

+0.4626*0.0679 

67 

34 to 4 

5 to 5i 

446±8 
i 532rb9 

85=4=5 

102=1=6 

19.1=1=1.2 

19.2=4:1.2 

: +0.6668*0.0496 

41 

34 to 4 

6 to 61 

416±8 
r 495±10 

79=4=:6 

99=4=7 

19.0=1=1.4 

20.0=4=1.5 

: Hh0.^±0.(^ 
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TABJLE 2,—Cmiinued 


K€MBEE 
OP COWS 

INITIAL 

BECOUD 

AGE 

BEENTRY 

BECOBO 

AGE 

MEAN 

STAJTOABD 

DEVIATION 

COEFFICIENT 

OP 

VABIATION 


years 

years 

pounds 

pounds 



4 to 4i 


436zb7 

SlzbO 

18.6±1.1 



5 to oh 

488:1=8 

95b:6 

19.5b=Ll 


4 to 4|- 


454±7 

74zb5 

16.3zbLi 



oh to 6 

540d:9 

96zb6 

17.8±1.2 

39 

4| to 5 


449i8 

74db6 

16.5zbl.3 


5i to 6 

5i3±ll 

103zfc8 

20. lzbl« 5 


4| to 5 


479 zb 12 

97zb9 

20.3±1.8 



6 to 6| 

o67zbi2 

97zb9 

17.1±1.5 


5 to 


4.56±10 

77zb7 

16.9±1.6 



6 to 6| 

50Szfcl2 

90±8 

17.7±1.7 

OK 

5 to 5f 


477zbl2 

106zb9 

22.2dzl.8 



64 to 7 

556zb9 

140±11 

25.2±2.0 

on 

5| to 6 


457=b9 

83=b7 

18.2=bL4 



64 to 7 

o09d:12 1 

106±8 

20.8zfcl.7 

O 4 

|5'| to 6 1 


olOzfclS 

131zfcl3 

25.7±2.5 


! 

7 to 7i 

573=fcl7 

124zbl2 

2i.6±2.1 

OA ' 

6 to 6§ 


494±10 

86zb7 

17.4±1.4 

44 


7 to 7i 

549=bll 

93zfc8 

16.9zbL4 


6 to ^ 


523±16 

116=bl2 

22,2zb2.2 



7| to S 

o49dzl8 

126=bl3 

23.0±2.3 

OK 

6| to 7 


452=bl3 

5 97=t9 

2L5±2.1 

40 


7J to S 

519=bl4 

lOSdzlO 

20.2±L9 

10 

7 to 7| 


489=bl2 

79=b9 

16.1±1.8 

ly , 


8 to 8i 

5I0zbl5 

95zfcl0 

18.6bz2.0 


ATerage coefficient of eorrelatioHj 0.6071. 


COEFFICIEOT? 

OP COBHELA.TION 

+0.4767±0.0642 

+0.4070±0.0773 

+0.4997±0.0810 

+0.3391±0.1107 

+0.5842±0.0871 

+0.7325±0.0356 

+0.4092±0.0936 

+0.7768±0.0546 

+0.6946±0.0748 

+0.8116±0.04S0 

+0.6592±0.0763 

+0.3731dz0.1332 


0.4, and four are over 0.2; making nine over and seven below 0.5. 
The breed requirements excluded 145 cows from reentry at lower 
than their initial records, and of the remaining 436 cows, 107, or 
24.5 per cent, failed to exceed their initial records when retested. 
All groups have an average coefldcient of correlation of 0.5021. 

Of a total of 68 groups of animals for the three breeds, only 2 
have correlation coefficients exceeding 0.8; 12 are over 0.7; 
and 49 are above and 19 below 0.5. The 19 groups below 0.5 
include 750 of the total of 3674 cows. Thirty-five of the 68 
groups have correlation coefficients less than 0.6. The grand 
average correlation coefficient is -f 0.6011. 

Table 4 shows the distribution of the groups according to their 
correlation coefficients. 
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There is a slight tendency for the correlations to decline as the 
lapse of time between initial and retest records increases. How- 

table 3 


CoTtelaiion coefficients of initial and reentry milk remris made hy Ayrskire c^!.rs 

at various ages 


NtTMBEB 
OF COWS 

1NITI.U:* 

BECOBB 

AGE 

BEEN’TEr ! 

BECOBB 1 MB.4.N 

AGE 1 

ST.VSDASD jcOEFnCTENTj 
DEVIATIO.V 1 i 

COErFICIB!'?’? 
m coaaELATio.’S 


years 

years poulids 

pounds 



58 

2 to 21 

SlS9il3G 
3 to 3| 957T±17S 

1532±96 

2010±126 

lS.7=i:1.2 

21.0±1.3 

“f0.6015±0. 05135 

48 

2 to 2i 

90»±202 
3i to 4 10441 ±278 

2073±143 

2S61±19r 

22.8±i.6 

27.4±1.9 

+O.S65S±0.0663 

32 

2 to 2|- 

8251 ±213 
4 to 44 i0734±222 

1789±i51 

1866±lo7 

21.7±1.8 

17.4±1.5 

-f0,2917±0.10'90 

50 

2 to 2J 

S499±172 
44 to 5 il783±255 

1808±122 

2676±1^ 

21.3±1.4 

22.7±1.5 

-fO.4S0S±O.O733 

78 

2i to 3 

9272±128 
34 to 4 10i72±151 

1679±91 

1979±107 

18.1±i,0 

19.5±i.l 

+0.6083±0.04S1 

m 

2i to 3 

9569±174 
4 to 4i 10736±208 

1928±123 

2310±147 

20.1±i.3 

2i.5±1.4 

+0,5782±0.0600 

45 

24 to 3 

9015±170 
44 to 5 11CI03±183 

16S7±120 

1820±129 

18.7±i.S 

16.5±1.2 

+0.2503±0.0375 

38 

2| to 3 

89'30±169 
5 to 54 117(M)±2S6 

1536±n9 

2605±201 

17.2±1.3 

22.3±1.7 

-f0.2632±0.033S 

30 

21 to 3 

8710±162 
6 to 6J i2456±296 

1320±115 

2407±209 

15.2±1.3 

19.3±1.7 

+0.0826±0.0391 

30 

3 to 3| 

9167±2(M 
4 to 44 10556±235 

1659±144 18.1±i.6: 
1912±166 18,1±L6' 

4*CI.6345±(I.0736 

25 

3 to 3| 

j 

9751±253 
44 to 5 11151±324 

1878±179 

2402±229 

19.3±1.8 

21.6±2.l 

+0.5792±0.0»6 

20 : 

3 t o 3i 

S914±212 
54 to 6 il986±m 

1405±150 

2623±2S0 

15.8±1.7 

21.9±2.3 

+Q.25m±Q3m 

18 

31 to 4 : 

9549±279 

1753±190 18.4±2.1 

+0.5746±0.1065 

1 

44 to 5 10961±321 

2016±227 

18.4±2.1 

li 

31 to 4 

95,83±249 

1479±276 

i5.4±L8 

-fO.535S±0.im 


5 to 54 10379±247 

146S±175 

14.1±1,7 

16 

4 to 4| 

9463±242 
5 to 54 10423±278.; 

1433±171 

1646±196 

15.1±L8 

1S.S±L9 

-fO.4l38±0,l»7 

21 

4 to 4| 

iCM}24±a63l 

2465±257 

24.6±2.6 

-fO.6445±0vO8il 


54 to 6 11613±442^ 

3002±3i2 

25.9±2.7 


Average coefficieat of correlatioE, 0.6021, 


ever, there are not enough groups in all ages to make this tendency 
very pronounced. 
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■piTiile the correlation coefficients constitute the most signifi- 
cant of the calculated data of this study, it whi be seen that there 
is a markedly greater variability among the reentry records than 
among the initial records. In only 18 of the 68 groups the co- 
efficient of variability of the reentry records exceeded that of the 
initial records; and only 5 groups had greater standard deviations 
for the reentry than for the initial records. This may be in part 
due to the action of breed entry requirements, as they set only a 
low limit for entry, which does not offset the greater upward range 
of productive ability that comes with increasing age. There is 
no other significance shown in the coefficients of variability, and 


TABLE 4 

Distribution of correlation coefficients of initial and reentry records of cows of 

various breeds 


COEBEI*ATION COEFFICTENT BANGS 

GCEBNSET 

JEESEY 

ATRSHIEE 

TOTAL 

+0.8000 to 0.8999 

1 

1 


2 

0.7000 to 0.7999 

6 

6 


12 

0.6000 to 0.6999 

6 

9 

4 

19 

0.5000 to 0.5999 

4 

7 

5 

16 

0.4000 to 0.4999 

1 

6 

2 

9 

0.3000 to 0,3999 

1 

4 


i 5 

0.2000 to 0.2999 



4 

4 

0.1000 to 0.1999 





0.0000 to 0.0999 



1 

1 


for the entire lot they will average close to 20 per cent, with ap- 
proximate limits of 15 per cent and 25 per cent. 

If the original premise is correct, that the free action of heredity 
alone would result in correlation coefficients of plus one between 
initial and reentry records made by the same cows at correspond- 
ing ages, then the fact that only 2 of 68 groups in this study 
have correlation coefficients above 0.8, only 12 others above 0.7, 
and that 33, or less than half, are above 0.6, while 19 are under 
0.5, would seem to indicate that environment has acted to reduce 
the value of official records as material for studying inheritance 
of milk and butterfat production. The average correlation of all 
groups is 0.6071* It might be added that in 443, or 15 per cent, 
of^ a possible 2973 cases, the reentry record did not exceed the 
initial record. 


Slfl^ETEXED CO^^DEXSED :\IILK 
¥. BAXCIDITY^'^ 

FEAXK E. RICE 

North Carolina State College^ Raleigh^ North Carolina 

At tlie time when we gave e\ndence of the presence of lipase in 
milk (1), the statement was made that rancidity in sweetened 
condensed milk is in all probability due to the action of that 
enzyme; it reaching the manufactured product through the acci- 
dental admixture of unheated milk. Data here presented is in 
support of that conclusion. 

The term “rancidity” is here taken to mean the flavor resem- 
bling butyric acid. Recently in the discussion of milk products 
this seems to be the common understanding of the term; such 
flavors as tallowy, fishy and metallic being carefully distinguished. 
The rancid flavor is due to butyric acid and perhaps other low 
molecular weight fatty acids, which result probably always from 
the hydrolytic splitting of the milk fat. 

Rancidity in condensed milk is a defect fortunately not very 
common, but most serious when it does occur since the flavor is 
so penetrating and disagreeable that a rancid batch withdrawn 
from the trade cannot be used in candy making nor any other way 
as food. 

The flavor once observed is never forgotten. It appears usually 
not before the product is ten days old. In the early stages the 
flavor of the milk itself may be satisfactory and only by making 
it up with some hot beverage is the taste noticeable. However, 
it rapidly becomes worse and in thirty to sixty days the penetrat- 
ing odor of butyric acid is noted immediately on opening the cam 
The product becomes gradually more viscous and finally solid; 
and the acidity increases. 

Samples representing about 20 commercial batches of rjuncid 

* Received for publication September 29s 1925. 

^ Mncb of tbe work here recorded was carried on ia cc^peration witli thm 
HesMes Food Compmj of Hew York. 
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condensed milk were obtained for laboratory experimentation. 
The ages of some of the samples were unknown but most of them 
were two to four months old. On these samples a large number 
of analyses were made, both biological and chemical; the follow- 
ing observ’ations only seemed significant: The acidity was 
always high; the bacterial count usually relatively low; and the 
peroxidase test in almost every case, positive. Table 1 gives the 


TABLE 1 


SAMPLE 

ACiDiry 

PEBOXIDASE TEST 

BACTEBIAL COUNT 

1 

0.892 

Strong 


2 1 

1.035 

Strong 

<500 

3 

0.954 

Strong 


4 

1.143 ; 

Weak 

500 

5 

1,260 

Strong 

31,000 

6 ! 

1.032 

Strong 

70,000 

7 

1.125 

Strong 

<500 

8 1 

1.332 

Strong 

<500 

9 ! 

0.567 

Strong 

11,000 

10 1 

0.540 

Very strong 

3,800 

11 I 


1 Very strong 

1,700 

12 

0.882 

J^one 


13 

0.792 

1 None 

<500 

14 

0.530 

: Weak 

250 

15 

0.600 


500 

16 

0.360 

; Strong 

300 

17 

0.470 


500 

18 

1.0X7 

I Strong 


10 

0,520 

Strong 


20 

0.820 

Strong 



results obtained. Acidity was determined by titrating a diluted 
sample with alkali and calculating results in terms of lactic acid. 
Bacterial counts were made on agar plates. 

^ At first sight it might appear that the condition of rancidity is 
similar to that of bacterial thickening which was described in the 
first paper of this series (2), but this is not the case. The acidity 
do^ rise in bacterial thickening but usually not so hi gh as in ran- 
cidity, in both cases the product becomes thick and gradually 
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solid. But millions of bacteria are present in tbe former case, 
and tbe differences in flavor are unmistakable. 

THE PBODTJCTION OF RANCIDITY EXPESIMENTALLY 

The fact that the rancid flavor of butyric acid would most likely 
be produced through the lipolytic splitting of butter fat, the 
fact already demonstrated that raw milk normally contains lipase, 
and the fact that peroxidase is foimd in most of the commercial 
samples of rancid condensed milk, strongly' point to the possi- 
bility that rancidity is due to the accidental incorporation of 
unheated milk in the batch. 

Experiments were carried out in two general way's; (a) manu- 
facture of small batches in an experimental vacuum pan and 
(6) making various additions to normal condensed milk of factory' 
manufacture. Samples were held in regular factory' tin cans, one 
being opened at each time an inspection was to be made. The 
fact that each analysis is on a different sample explains in part 
why some of the analyses are rather divergent, particularly the 
bacterial counts. 

EXPEETMENTAL BATCHES CONTAINING SMALL PERCENTAGES OP 

RAW MILK 

A vacuum pan was used of about 400 pounds capacity. It was 
equipped so that the usual conditions of factory operation could 
be exactly duplicated. The hot well was equipped for heating the 
milk by injecting live steam. Unless otherwise stated the milk 
was brought to a boil in the hot well and the sugar dissolved in 
it; immediately, then, drawing of milk into the pan was begun. 
The temperature of condensation was always between 130 and 
140°F. 

Experiment 1 

Batch A. Whole milk 250 pounds, sugar 46 pounds. After 
all the milk was in the pan, 5 poimds of unheated milk was drawn 
in. 

Batch B. Carried out in a similar manner. Whole milk 170 
pounds, sugar 30 pounds, cold unheated milk 13 pouiafe. 
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Batch C. Whole milk 170 pounds, sugar 30 pounds, unheated 
milk 19 pounds. 

Batch D. Whole milk 186 pounds, sugar 31 pounds, no un- 
heated milk. 

Complete data on these batches is given in table 2. The 
samples on which the determinations were made had been kept 
at room temperature; a few were incubated at 98°F. for observa- 
tion as to the speed in which the rancid flavor developed. 


TABLE 2 



BATCH A 

BATCH B 

BATCH C 

BATCH D 

Per cent of nniieated milk 

2 

7 

10 

0 

Per cent of total solids in finished batch 

74.00 

74.56 

75.33 

75.45 

Peroxidase teat 

Fair 

Strong 

Very strong 

None 

Acidity (per cent) : 





Beginmng 

0.351 

0.342 

0.360 

0.342 

End of 10 days — 

0.396 

0.342 

0.432 


End of 20 days 

0.414 

0.405 

0.477 

0.342 

End of 30 days 

0.450 

0.513 

0.486 

0.316 

End of 60 days. 

0.490 

0.570 

0.540 

0.360 

End of 4 months 

O.olO 

0.560 

0,640 

0.300 

Bacterial counts : 





End of 5 days 

4000 

7500 

63,000 

4500 

End of 17 days 

2400 

3300 

22,000 


End of 27 days 

4500 

3400 

9,600 i 


End of 37 days. 

2500 

2500 

6,600 

11,200 

End of 47 days 

End of 3 months 

1100 

1170 

2,300 

3200 

End of 5 months. 

850 

950 

450 ; 


Time of appearance of the rancid 
iavor : 





Incubated samples. ; 

. 10 days 

10 days 

10 days 1 

) Not in 

Room temperature samples 

30 days 

30 days 

10 days ; 

/6 monttis 


Excepting the samples from the check batch (D) a gradual 
increase in acidity was noted in all cases and a flavor developed 
exactly like that of the rancid commercial samples previously 
described. Also the peroxidase test was always given. The 
general decrease in bacterial counts found here is not different 
from the behavior of normal condensed milk . Apparently those 
bacteria which contaminate the product at the time of manufac- 
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ture find it an unfavorable medium and all die out except a few 
species that are resistant to the high concentration of sugar. 

The evidence presented to this point together -nith that to 
follow is sufi&cient to warrant the conclusion that rancidity in 
sweetened condensed milk results from the action of the lipase 
of raw milk on the butter fat; the liberation of free fatty acids, 
at least in part, causes the increase in acidity; those of lower 
molecular weight being the cause of the disagreeable odor. 

These results show' that the increase in rancidity can be meas- 


TABLE 3 



RAW MSLS: ADBEB 

0 per cent | 

i per cent j 

1 



I* 

Rt 

I 

R 

B 

B 

iBitii 

Acidity (per cent) : 







1 

Beginning 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.26 0.26 

End of 30' days ! 


0.28 

0.43 

0.36 

0.48 

0.42 

0.56 0.49 

End of 00 days 

0.31 


0.43 1 


0.48 


0.5S ! 

End of 3 months i 

0.33 



0.43 


0.51 

i 0.81 

End of 6 months i 




0.62 i 


0.52 

! 0.82 

Rancidity: 


1 






End of 30 days 

0 

0 i 

+ 


+ 


++ 1 

End of 60 days 

0 

0 1 

+ 

0 


+ 

+++i + 

End of 3 months 

0 

0 1 


4"f 


++ 

I+++ 


* Incubated = I- 
t Room temperature = R. 

-f indicates moderate rancidity; +++ strong : 0 none. Blank spaces indicate 
that no observations were made. 

ured at least in a rough quantitative way by the increase in 
acidity. For this reason the acidity of samples is given also in 
the remaining experiments. 

ADDITIONS OF BAW MILK TO NORMAL CONDENSED 

MXIjKI 

Experiment 2 

A quantity of condensed nfilk was obtained from a factory batch 
shortly after manufacture. To portions of this were added 1 per 
CKit, 2 per cent, and 4 par cent of raw milk. One portion was 
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kept without any addition as a check. Samples were held both 
at incubator and room temperatures. 

Table 3 gives the changes in acidity and the time of appearance 
of the rancid flavor. These results show that 1 per cent of raw 
milk is sufiieient to cause rancidity at incubator temperature in 
thirty days and at room temperature in three months. The 
larger additions caused a more rapid development of the flavor. 
The acidity figures are in line with the inspections for flavor, 
very marked increases taking place except in the check. The 
verj" slight increase noted in the check sample is similar to that 
usually observed when normal condensed milk becomes old par- 
ticularly when stored at higher than normal temperatures. As 
these results show, however, the acid increase in rancid samples 
is so much more rapid than in the check sample that there is no 
danger of confusion. 

THE AMOUNT OF UNHEATED MILK NECESSARY TO PRODUCE 

R.4NCIDITY 

Experiment S 

To different portions of normal condensed milk was added 
0.1 0.5, 0.75, and 2 per cent of raw milk. In table 4 will be 
found the results of titration for acidity and of inspection for 
flavor. 

Five-tenths per cent raw milk did not produce rancidity in 
four months, neither was lipolytic actmty indicated by titration. 
However, in samples to which 0.75 per cent raw milk had been 
added, rancidity occurred of such degree as should prove objec- 
tionable to the trade. Of course, 2 per cent raw milk acted much 
more rapidly. The smallest amount found necessary to produce 
rancidity (0.75 per cent) calculated on the basis of the original 
whole ndlk in the sample would be equal to 0.3 per cent, consider- 
ing the condensation to be 2| times. This shows even more how 
powerful is the effect of a little unheated milk. On a batch of 
20,000 pounds of milk to produce rancidity would be required only 
W pounds of raw milk — ^much less than one can! 



SWEETENED CONDENSED MIDK 


299 


TEMPERATUEE REQUIEBD TO DESTROY LIPOLYTIC ACTIVITY 

Experiment 4 

To different portions of normal condensed milk were added 3 
per cent portions of whole milk which had been exposed to differ- 
ent heat treatments as follows: 

Series A. jMilk was brought to the temperature indicated and 
cooled at once— (1) 170°, (2) 160°, (3) 150°, (4) 140°F. 

Series B. Milk was brought to the temperature indicated, 

T.4BLE 4 


PEB CENT RAW MXIX. 



0.10 

0,50 

0,75 1 

2.C» 

I* : 

Rt 1 

I 

R 

I 

R 

I 1 

R 

Acidity (per cent) : 









Beginning 

0.3^ 

0.320 

0.3^ 

0.320: 

0.320: 

0.320 

0.320 

0.320 

End of 20 days 

0.342i 


0.324: 


0.378: 


0.414 


End of 35 days 

0.35li 


0.423: 


QAQo 


0.5^ 


End of 75 days 

0.370 


0.390 




0.510 


End of 4 months. 


0.310 


0.340! 


0.380 


0.460 

End of 5 months 


0.310 


0.360: 


0.430 


o.m 

End of § months 


0.360 




0.400 


0.550 

Rancidity: 









End of 20 days 

1 0 


0 


0 


+ 


End of 35 days 

1 0 


0 


? 


4- 


End of 75 days 

0 


0 


+ 1 


++ 


End of 4 months 

i 

0 


0 


4-4- 

1 

+4“ 


* Incubated = I. 
t Room temperature = R. 


held for fifteen minutes, then cooled — (1) 170°, (2) 160°, (3) 
150°, (4), 140°, (5) 130°, (6) 120°F. 

Sample C. As check, no heat treatment. 

Of series A, no. 4 only became rancid. The incresee in acidity 
in eight months at room temperature was from 0.30 to 0.'^ per 
cent; under the same conditions the check sample increase! to 
0.59, which indicato that there was some destruction of lipase 
even at that temperature. 

Among those of series B, nos. 1, 2, 3, and 4 did not beccane ran- 
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cid. Number 5 was rancid in four months, and 6 in two 
months. 

The results indicate that heating for an instant at 150°, or, 
for fifteen minutes at 140° is sufficient to destroy lipase actmty. 
It may be mentioned that on one occasion an entire batch was 
prepared by heating the milk at 145° — thirty minutes when no 
randicity developed. 

This data gives some idea of the heat exposure necessary for 
the destruction of lipase. Ulore exact figures were not obtained 
because it was believed that they would not prove to be useful, 
since conditions in the factory cannot well be duplicated in the 
laboratory. The next experiment shows how much, indeed, the 
conditions may influence the resistance of this enzyme to heat, 

EFFECT OF THE PRESENCE OF SUGAR ON THE TEIMPERATURE 
REQUIRED TO DESTROY LIPOLYTIC ACTIVITY 

On several occasions samples of condensed milk containing 
some raw milk were heated to 180° for thirty minutes for the pur- 
pose of killing the lipase, but not always with success. This 
led to some experiments to learn whether or not the sugar had a 
protective influence. 

Experiment o 

Two portions of raw nflik containing 35 per cent cane sugar 
were heated and cooled at once: (1) to 170°, (2) to 185°F. These 
were added to condensed milk in 3 per cent proportions. Samples 
of series 1 became rancid in thirty days, those of series 2 not in 
six months. 

Experiment 6 

To a quantity of condensed was added 6 per cent of raw milk; 
this was divided into three portions: (1) no treatment, (2) heated 
to 180° for ten minu tes, (3) heated to 200° for ten minutes. 
Samples of 1 and 2 became rancid in thirty days, those of series 
3 not in six months; at the end of four months series 1 had 
increased in acidity from 0.27 to 0.64 per cent and series 2 from 
0.28 to 0.54, indicating practically no lipase destruction at 180° 
ten minutes. 
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These results may be compared with those obtained in experi- 
ment 4, -where it was found that by heating raw milk alone to 
150° for an instant was sufficient to destroy the lipolj'tie power. 
From this it is e-vudent that in the presence of sugar (or perhaps 
where less moisture is present), there is a protection of the enzyme 
from destruction by heat. 

LIPOLYTIC POWER OP OLD MILK COMPARED WITH FRESH. THE 
RELATION' OF BACTERIA TO EAN'CIDITY 

Experiment 7 


To two portions of condensed milk fresh raw milk was added in 
the proportions of 1.5 and 2.5 per cent. The remainder of the 

TABLE 5 




CONDITION OP EAW MILK 



1 Fresh 

1 

3 days old 


Per cent added 

Per c»at added 



2| 

li I 

! 21 

Acidity (per cent) : 

Beginning ! 

0.28 

0.28 

0.29 1 

0.29 

End of 30 days ' 

0.3$ 

0.46 

0.31 i 

0.41 

End of 60 days 

0.51 

0.57 ^ 


0.54 

Rancidity: 

End of 30 days 

0 1 

++ 


1 0 

End of 60 days 


+4- 

0 

1 


sample of raw milk was allowed to stand at room temperature for 
three days when it had curdled. Then another series of samples 
was prepared exactly like the first. 

Table 5 gives the results of titrations for acidity and inspec- 
tions for rancidity. It is shown there that the power of old milk 
to produce rancidity is no greater than that of fresh milk; in fact, 
it seems to be even less. 

Throughout these experiments no direct evidence has been 
presented to support the contention that it is a lipase natural in 
milk which causes rancidity and that it is not due to a strsun of 
organisms always present in raw milk. In all such cases ^ this, 
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it is extremely difficult to present any e\TLdence other than indi- 
rect; and there is no question but that every one of the experi- 
ments here recorded point to the conclusion that it is an enzymic 
effect; a lipase natural in milk and not one produced by organisms. 
The experiment just described, does, indeed, support that con- 
clusion: If the rancidity-producing power of raw miUc were due 
to bacteria always present therein, the effect of aging should be 
to greatly increase that power; but the opposite was found to be 
the real state of affairs. Of course, there can be no increase in 
the amount of natural lipase, present in milk, the only quantita- 
tive change that can take place would be that its activity might be 
reduced in time. 

On the assumption that in some special cases rancidity might 
possibly be produced through bacterial action, a large number of 
experiments were carried out. 

A sample of raw milk was plated out under both aerobic and 
anaerobic conditions. Cultures of all organisms were grorvm in 
sterile milk. A commercial sample of rancid condensed milk was 
plated out and handled similarly. AU cultures were added to 
condensed milk with the result that rancidity was produced in 
no case. The sample of raw milk, however, from which the first 
series of cultures was made produced rancidity when tested by the 
methods already described. 

.Also batches were prepared in the experimental vacuum pan 
using milk which had first been sterilized then inoculated with 
bacteria from the above-mentioned and other sources and a large 
number of molds. In no instance did rancidity develop. 

ATTEMPT TO PESTD OTHER CAUSES OP RANCIDITY 

By running experimental batches and through additions to 
normal condensed milk the following were also eliminated as 
causes of rancidity: Applying excessive heat to milk or cream 
before running the batch, condensing at extremely high pan tem- 
peratures, use of sour milk neutralized with sodium bicarbonate, 
freezing the milk used in the batch, addition of various oxidation 
and hydroljdic products of fat, addition of salts of iron, copper, 
tin, zinc and hypochlorous acid. 
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Batches have been known to become rancid in which the con- 
tent of cane sugar w'as so high that it crystallized out, also rancid 
batches were prepared in which the total solids was more than 77 
per cent. But batches of low sugar and low solids content became 
rancid Just as readily. 

In fact 70 batches and numerous samples prepared in various 
ways are not described in this report. In not a single instance 
was there any indication that there is another cause of the t j*pical 
butyric acid-like rancid flavor than through the action of a lipoly- 
tic enzjTne w'hich w^as found to be present in all the specimens 
of raw milk on ’which there was occasion to experiment. 

KANCIDITY PEODUCTION BY THE ACTION OF PANCBEATIC 

LIPASE 

A suspension in 'ft'ater of commercial panereatin was added to 
normal condensed milk in such a proportion that about 0.2 per 
cent of the panereatin powder was present. The acidity of the 
mixture at the beginnmg was 0.30 per cent; at the end of forty 
days at room temperature 1.43 per cent, and at six months 2.73 
per cent. Samples became gradually thicker and finally solid as 
was always found in rancid samples, and the odor -was exactly 
that of rancid condensed milk as it is invariably found. 


SUMMARY 

1. Rancidity here refers to that flavor resembling butyric 
acid. 

2. Commercial samples of rancid condensed milk were found to 
run relatively high in acidity and in most cases to give the peroxi- 
dase test. The viscosity was higher than in normal condensed 
milk; in some cases the product was solid. 

3. Experimental batches of condensed milk prepared under 
usual conditions except that a little raw milk was allowed to enter 
the pan while the batch -was being condensed invariably became 
rancid. The defect was more marked, the more raw milk present. 

4. The addition of unheated mdlk to normal condensed milk 
always produced rancidity, as little as 0.75 per cent being effective. 
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This is equivalent to 0.3 per cent of the amount of whole nailk 
from which the batch was prepared. 

5. Heating whole milk to 140°F. for fifteen minutes, or 150° for 
an instant, was found suflicient to destroy lipolytic power. 
However, when sugar was present, or, where attempts were made 
to destroy lipase in condensed milk, a considerably higher tem- 
perature was required. 

6. Milk three days old had no more power to produce rancid- 
ity than fresh milk. This is presented as a point of evidence that 
this power is not due to any bacteria that might be present. 

In further support of this contention an experiment was carried 
out in which cultures of all organisms isolated from raw milk 
failed to produce rancidity when incorporated in normal con- 
densed milk, though the raw milk itself did have the power to do 
so. Cultures of organisms isolated from rancid condensed milk 
also failed to produce rancidity. 

Sterile whole milk inoculated with these and other cultures, 
then condensed down in the usual way did not produce rancid 
batches. 

7. Various metallic salts and other chemicals and various 
mechanical treatments of milk did not cause rancidity. Its 
production was independent of solids or sugar content. 

8. Pancreatic lipase added to condensed milk was shown to 
produce the rancid flavor, increase the acidity and viscosity 
exactly as did raw milk. 

THEOEETICAL CONCLUSIONS 

1. The cause of rancidity in condensed milk is the accidental 
incorporation of raw milk in the batch. The activity of the raw 
milk is due to the presence naturally of a lipolytic enzyme, which 
splits the milk fat yielding among other fatty acids those of low 
molecular weight such as butyric, to which the rancid flavor is 
due. 

2. Data given here may be considered further proof of the 
presence of lipase in milk in addition to that already presented 
by us (1).^ 

3. The importance of considering milk products with this point 
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in mind is again emphasized. Rancidity (butyric acid-like flavor) 
in cream and milk, butter and cheese may well be attributed to 
this enzyme. 

4. It is common knowledge that the best milk products can 
be manufactured only from good fresh milk. Bacterial action 
may not be the only factor entering here. TlTien the milk is old, 
lipase and perhaps other hydrohdic enzjTnes have time to produce 
small amounts of substances which may later lower the quality 
of the manufactured product. The work of Holm and Greenbank 
(3) at Washington has shown that the free fatty acids increase the 
oxidizability and consequent tallowiness of fats. The most 
likely source of fatty acids is from the lipolytic splitting of fat. 

PKACTICAL CONCLUSIONS 

1. The contamination causing rancidity is most likely to take 
place through raw or improperly heated milk being accidentally 
drawn into the batch at the time of condensation. 

2. The great danger of rancidity is shown by the fact that only 
0.3 per cent of unheated milk in a batch may cause this defect. 

3. The temperature under w^hich a vacuum pan ordinarily 
operates (130 to 140°F.) is not sufficient to destroy the rancidity- 
producing power of raw' milk. Hot well temperatures used in 
common practice (180°-boiHng) are sufficient; though 180°F. is 
a dangerous temperature when much sugar or condensed milk 
has been added to the hot well. 

4. Two variations from good factory operation that might 
make rancidity possible are: (a) Leaky intake valves through 
which a small amount of milk from an unheated hot well mi^t 
be drawn into a pan under operation, and (6) carelessness in heat- 
ing the hot well so that all the milk does not reach the tempera- 
ture nectary to destroy the enzyme. The latter possibility 
wnuld include the dangerous practice of pouring a few cans of 
cream or milk into a hot well which at the same time is being 
drawn into the pan. 
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JOHAN D. FREDERIKSEN 

News has just been received of the death of Mr, J. D. Frederik- 
sen at St, Petersburg, Fla,, on February 19, 1926. Mr. Frederik- 
sen was for many years vice-president and general manager of 
Chr. Hansen’s Laboratory, Little Falls, N. Y,, having retired 
from active business in the fail of 1924. He was born at Fugl- 
sang, Lolland, Denmark, August 18, 1846. His father vras an 
expert farmer who at one time conducted eight large estates, two 
of which he owned. His mother was the daughter of a minister 
named Hansen. 

He attended school in Soro where he lived in the home of Pro- 
fessor Johnstrup, later graduating from the agricultural college 
in Copenhagen in 1866. A few years later, he and his brother 
Christian attempted to introduce sugar beet raising in Denmark. 
Production began in 1872. Then came the “Black Friday” on 
the New York Stock Exchange precipitated by Jay Gould. The 
effect was disastrous even in Denmark, and ruined the two 
brothers financially. Later, however, Mr. Frederiksen was 
decorated for his acthity in this work with the Order-Dannebrog 
by the Danish King. 

He made a new start in coming to New York as a representa- 
tive of the Chr. Hansen Laboratory on November 9, 1877. Here 
he developed the laboratorj’- at Little Falls, and later at Toronto 
and Milwaukee. His knowledge of milk led him to develop 
“Junket,” his outstanding achievement, well known to every 
housewife. His business activities made him known and re- 
spected throughout the dairy industry of America, and his 
frequent \isits to the parent laboratory in Copenhagen kept him 
in touch with his homeland. 

Books, music, pictures, family, friends, woods and lakes, poli- 
tics, fishing, business — he knew and loved them all through 
most of his eighty busy years. The world is poorer when such a 
man dies. — Condensed by R. S. Breed from an account 'published 
in the Utica {N. Y.) Press, February 21, 1926. 
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THE EFFECT OF FAT IN THE RATION UPON THE 
PERCENTAGE FAT CONTENT OF THE MILK* 

W. B. NEVENS, aL B. ALLEMAN and L. T. PECKi 

Department of Dairy Hushandryj University of Illinois^ Urbana, Illinois 

An attempt to increase the percentage butterfat content of 
cow’s milk has been the object of a large number of experiments. 
This subject engaged the efforts of several inv^tigators during 
the early years of the agricultural experiment stations in this 
country, and has received no little attention also on the part 
of research workers in Germany, The British Isles, France, 
Deronark and India. An adequate review of the extensive 
literature on this subject is precluded by lack of space. 

Within recent years, the subject has attracted attention in 
connection with the making of high production records under 
the supervision of the Advanced Registry Departments of the 
dairy cattle breed associations. 

The close supervision given these records is intended to assure 
the accuracy of the record and the prevention of fraud through 
changes of the feed or otherwise, during the period of actual in- 
spection by the supervisor or just prior to this period. A num- 
ber of contributions to the literature on this subject have 
appeared in this journal (1). 

There are several ways in which the percentage of fat in the 
milk may be materially influenced; e.g., (a) by having the cows 
excessively fat at the time of calving (2). Both percentage 

^ Eeceived for publication April 15, 1926. 

^ The experiments reported herewith as Series III and IV constitute a 
part of a research problem carried out by M. B. Alieman and L. T. Peck, 
graduate students in Dairy Husbandry, under the direction of W. B. 
Nevens. Messrs. Alieman and Peck supervised the feeding of the cows and made 
the butterfat tests of the milk during the experiments reported in Series III. 
Mr. Alieman conducted the feeding during Series IV, the butterfat tests in this 
case being made by laboratory assistants. Series I and II were carried on by 
bam and laboratory helpers under the direction of W. B. NeTens. 
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fat content and yield of butterfat are increased above normal. 
This is considered a legitimate practice and is commonly used. 
(6) By physiological underfeeding, that is shortly after calving, 
reducing the feed sharply below the requirements (3). This prac- 
tice, however, usually reduces milk and may reduce the total fat 
production and is, therefore, little favored, (c) By feeding 
excessive amounts of certain high protein concentrates, such as 
cottonseed meal, these being added to the usual ration or sub- 
stituted for part of it (4), (5). The effects on the composition 
of the milk induced by such changes in the feed are evidently 
inconstant and vary greatly with different individuals. Armsby 
maintains that "both experiments with pure proteins and those 
in which an increase in the protein content of the rations has 
been secured by the use of protein-rich feeds, seem to indicate 
clearly a stimulating influence of excess protein on milk produc- 
tion, although in a majority of cases the effect was not very 
large.” (d) By increasing the fat content of the ration by the 
addition or substitution of fat or feeds high in fat. The litera- 
ture dealing with investigations of this sort is extensive. One 
of the more recent experiments was reported by Woodw’ard (5) 
in this journal. 

In Woodward’s experiments, high protein concentrates were 
substituted for one-fourth or three-fourths of the “ordinarj' 
grain,” thus pr^umably greatly increasing the daily intake of 
protein. Substitution of the smaller amounts was without 
apparent influence on the test of the milk, but when linseed oil 
meal and cottonseed meal were substituted for three-fourths of 
the “ordinary grain” there was in most cases, an effect upon the 
test for a short time at least. Gluten feed seemed to be without 
effect. Calculation of the fat 3 delds by means of data on milk 
yields, kindly supplied to the authors by Mr. Woodward, shoivs 
that substituting cottonseed meal for three-fourths of the grain 
in one period caused an increase of 15 per cent in fat yield, 
while in the case of linseed oihmeal used in the same way, there 
were increases of from 1 to 10 per cent and decreases of the same 
magnitude. Usually the substitution of Knseed oil meal for 
three-fourths of the grain mixture caused an increase in the 
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test of the milk, but in at least two such eases such a change 
depressed the fat yields 8 and 10 per cent, respectively. The 
addition of linseed oil to the ‘‘ordinary grain” of three cowb 
caused an increase in the test of the milk of about 9 per cent 
and a decreased yield of fat of more than 5 per cent. 

While the percentage of fat in the milk of a cow during a two- 
day test has more weight than the yield of fat, since the average 
percentage of fat for the two days is used as the average percent- 
age for the month, a decreased fat yield caused by a depressed 
milk flow is an undesirable accompaniment. A marked lowering 
of the milk yield below that of the days preceding or following the 
test period at once raises a question regarding the correctness of 
the milk weights as reported by the owner for the balance of the 
month. In such a case also, changes in the feed or “jockeying” 
of the cow may be suspected. 

In executing the experiments reported herewith, efforts were 
made to maintain the levels of protein intake at as nearly the 
exact requirements of the individual animals as possible, and 
to prevent decreases in the daily milk yields even when extreme 
changes in the rations were made. 

OBJECT OF INVESTIGATION 

The primary object of the investigation reported herewith 
was to study the effect of rations high in oil content upon the 
composition of the milk produced, especial attention being 
focused upon the percentage butterfat content. A secondary 
object in the later experiments, was to establish, if possible, 
the factor responsible for the changes in the percentage butter- 
fat content of the milk which were noted in the second series of 
experiments. 


GENERAL PLAN OP THE INVESTIGATION 

The general plan of feeding the.experimental animals (cows) 
was to feed rations high in oil content and low in oil content 
during alternate periods, samples of milk for analysis being 
taken at each milking. In Series II, a concentrate mixture 
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moderately high in fat content which was used in feeding the 
general herd constituted the check or control rations, while in 
the other series, a concentrate mixture formulated as being 
especially low in fat content was used as a control. The amounts 
of the feeds supplied were as closely as possible in accord with 
the estimated requirements of the animals. The experimental 
periods of Series I and II varied in length from two daj'^s to 
five weeks, while in Series III and IV they were seven days in 
length. 

In Series II determinations of the percentage of fat in the 
milk were made by the Roese-Gottlieb method, comparison 
being made with the Babcock method. Determinations of 
total solids were made in accordance with the methods of the 
Association of Official Agricultural Chemists. In the other 
series, the Babcock method for determinations of butterfat 
was used. Mercury bichloride tablets were used as a pre- 
servative agent in Series I, in which butterfat tests were 
made weekly, while in the other series formalin was the preserva- 
tive agent used whenever it was necessary. In Series III and 
IV, a preservative was seldom used because tests were made of 
the in^\idual samples of each milking, usually within twenty- 
four hours. 

CHAEACTEB OP KATIONS AND BOUTESTE OF THE BXPEBIMENTS 

The roughage part of the ration during Series I and II con- 
sisted of corn silage and alfalfa hay, fed in proportions and 
amounts intended to meet the maintenance requirements of 
the cows exactly. In Series III and IV part of the silage and 
hay was replaced by dried beet pulp which was soaked for ten 
to twelve hours before feeding. The use of roughage in definite 
proportions to supply maintenance needs made it possible to 
feed the concentrates quite closely in proportion to milk produc- 
tion. 

Refused feeds were weighed, back and the amounts recorded. 
In a few cases in which cows went off feed, it was necessary to 
supply temporarily feeds other than the experimental ration, 
but such changes were also recorded. During Series I, the 
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experimental rations were interchanged gradually, while in the 
other series the changes in rations were made abruptly. 

In making calculations of the amounts of digestible nutrients 
in feeds, the average analyses as given by Henry and Morrison 
(6) were used. The requirements for maintenance and milk 
production were estimated from an average of values given in 
the Morrison feeding standard (6). 

Series I 

Cows 668 and 671 were Holstein-Guernsey crossbred ani-m^ls 
which were fed during 1921-1922 on “high oil” and “low oil” 
rations for four-week periods (period III, five weeks) each 
period being preceded by a one-week transition period in which 
the rations were gradually interchanged. 

The “low oil” concentrate mixture for periods I and II con- 
sisted of 100 pounds of wheat bran and 200 pounds dried beet 
pulp, while for periods III and IV the proportions of the ingre- 
dients were reversed. The “high oil” mixture during periods I 
and II was composed of high oil com, grown in plant breeding 
experiments, and containing about 9.9 per cent ether extract 
and sunflower seed in equal parts by weight. In periods III and 
IV, the mixture was made up of 200 pounds of hi^ oil corn, 200 
pounds sunflower seed and 300 pounds soybean seed. The 
feeds were mixed and then ground. 

Series II 

The check concentrate mixture used in Series II, which was 
carried out during July and August, 1923, consisted of 200 pounds 
ground corn, 200 pounds groimd oats, 200 pounds wheat bran 
and 100 pounds linseed oil meal. The “high oil” mixture for 
this series consisted of 250 pounds “high oil” corn, 100 pounds 
sunflower seed and 150 pounds soybeans. The mixture was 
groimd. Silage made from “high oil” corn containing about 
2 per cent ether extract, was substituted for normal silage during 
the high oil periods. The animals employed were grade Hol- 
stein cows. 
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Series III 

In both Series I and Series II, the concentrates comprising 
the low oil and high oil mixtures came from different plant 
sources. It was plaimed that in Series III and IV, which were 
carried out during 1924 and 1925, respectively, that the concen- 
trate mixtures being compared should be made up of the same 
kind of feeds and in as nearly the same proportions as possible, 
with the exception that the hi^ oil mixtures should contain 
feeds consisting of ground whole seeds, whereas the low oil 
mixtures should contain feeds resulting from the extraction of 
the oil from the same kinds of seeds. In this way soybeans 
were compared with soybean oil meal, peanuts with peanut oil 
meal, and flaxseed with linseed oil meal. The concentrate 
mixtures were so planned for Series III that the percentage of 
digestible protein remained constant throughout the series, 
regardless of the content of total digestible nutrients and diges- 
tible fat. The mixtxires were fed at levels intended to meet 
the estimated requirements as closely as possible. This was 
accomplished with a considerable measure of success. 

The roughage supplied during Series III was fed at a level 
intended to meet the maintenance requirements and consisted 
of 20 pounds of corn silage and 8 pounds alfalfa hay daily per 
1000 pounds live weight. 

The animals used in Series III and IV were purebred dairy 
cows, with the exception of cows 6 and 25, which were grades. 
Several of the cows were employed in both series of experiments. 

Precautions were taken in Series III and IV of these experi- 
ments to insure a level of protein and total digestible nutrient 
intake in accord with the animals needs, and to avoid so far as 
possible, changes in the character of the nutrients supplied. 
In many previous experiments of this nature, one factor, which 
may have an important bearing upon the interpretation of the 
causes of observed changes in the composition of milk^ was not 
controlled. This factor was the energy content of the rations. 
An oU or feed high in oil was usually added to a basal ration, 
thus making the high oil ration much higher in energy value 
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than the basal ration used as a check. It is believed that unless 
experiments can be carried out in which a comparkon is made 
of rations having iso-dynamic values, and fed at levels which 
exactly meet the needs of the animals, it cannot be definitely 
proved that differences in the oil content of rations cause differ- 
ences in the composition of milk produced. In discussing the 
specific effects of feeds, Armsby (4) points out that: 

The effects of such feeds as palmnut meal, cocoa meal and cotton- 
seed meal, for example, are reported by different experimenters as favor- 
able, unfavorable or indifferent. 

Defective planning of experiments is doubtless responsible for much 
of this confusion. In many instances the experimenters have simply 

added the feed to be tested to a light basal ration Others, 

while substituting one feeding stuff for another, have failed to show that 
the total amount of digestible matter supplied was unchanged. In 
some extensive investigations, for instance, oil meals and similar feeds 
have been interchanged in amounts supplying equal quantities of pro- 
tein without regard to the other ingredients. Under such conditions 
concordant results could not be expected and one can but agree with 
Lemmermann and Linkh that the evidence is inconclusive 

In Series III and IV, therefore, a special effort was made to 
balance the rations and to adjust frequently the amounts of 
concentrates fed so that the requirements would be met closely. 

Series IV 

The plan followed in Series IV was somewhat similar to that 
of Series III. Each experiment consisted of five periods, each 
7 days in length. During periods I, III and V the oil meal con- 
centrate mixture was fed, while during period II, a concentrate 
mixture in which the ground whole seeds replaced the oil meal 
was fed. 

It was planned to make the oil content of the oil meal rations 
and whole seeds rations differ as much as possible whole still 
balancing each mixture to meet the requirements of milk pro- 
duction exactly. This difference was naturally greater when 
seeds rich in oil, such as peanuts, were fed in comparison with 
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peanut oil meal, and less in the experiments in which seeds only 
moderately rich in oil, such as soybeans, were fed. During 
period IV an amount of oil equivalent to the difference in diges- 
tible fat content of the oU meal rations fed in periods I and III, 
and that of the seeds ration fed in period II, was combined with 
the oil meal concentrate mixture. In making the combination, 
the starch was omitted or greatly reduced, and in some cases 
the quantity of beet pulp was reduced also, in order to keep the 
energy value of the ration as measured by its content of total 
digestible nutrients at the same level as during the three pre- 
rdous periods. In making the calculations it was assumed that 
the oil added was entirely digestible. 

DISCUSSION OF KESULTS 

Series I 

The high oil rations seemed to exert very little, if any, effect 
upon milk yield (table 1). The amounts of total digestible 
nturients consumed were practically the same during the high 
oil and low oil periods (figs. 2 and 3). 

The percentage butterfat content of the milk was apparently 
increased somewhat at the beginning of the high oil feeding, 
but as the periods advanced, the percentage declined. The 
average test of the milk for the combined yields of the high oil 
periods was no higher than for the low oil periods (table 1). 
The procedure followed in determining the butterfat content 
of the milk (7-day composites) was evidently not sufficiently 
detailed for following marked changes in the test, if there were 
such. 


Series II 

Samples of milk for analysis w'ere taken beginning at the milk- 
ing following the one at which the change in feed was made. 

The percentage of fat and fat yield for the group in period II, 
during which the high oil ration was fed, were about 8 per cent 
greater than the averages of periods I and III, during which the 
herd ration was fed (table 2). The content of total solids showed 
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the same tread as the fat content, though the increase was not 
so marked. The percentage of fat in period IV, another high 
oil period, was also slightly higher than in the periods preceding 
and following it. Period IV, however, was 18 days in length, 
and the effect of the high oil feeding upon the test is better seen 
by examining the productions during different portions of the 
period, as is done in table 3. Butterfat was determined in the 
milk of each milking during the first two days of the period and 


TABLE 1 

Sum77iary of 'production of cows, Series I 


PEEIOD* 

cow 668 

cow 671 

Ration 

Milk 

Fat 

Per 

cent 

fat 

Ration 

Milk 

Fat 

! 

Per 

cent 

fat 



pounds 

pounds 



pounds 

pounds 


Preliminary .... 

Herd 

631.6 

32.3 

5.1 : 

Herd 

814.7 

34.0 

4.2 

I 

High oil 

743.7 

34.3 

4.6 

Low oil 

801.4 

35.9 

4.5 

II 

Low oil 

690.8 

31.0 

4.5 

High oil 

838.8 

32.2 

3.8 

Ill 

High oil . . 

663,5 

31.2 

4.7 

Low oil 

796.5 

31.2 

3.9 

IV 

Low oil 

578.9 

24.7 

4.3 

High oil 

750.5 

28.5 

3.8 

Subsequent .... 

Herd 

672.9 

30.3 

4.5 

Herd 

865.5 

31.2 

3.6 



MILK j 

PAT 

PBB CENT PAT 


pounds 

pounds 


Total production of both cows during 




high oil periods 

2,996.5 

126.2 

4.21 

Total production of both cows during low 




oil periods 

2,867.6 

122.8 

4.28 


* Periods were 4 weeks in lengtlij except period II, which was 5 weeks. For 
comparison, period II has been corrected to a basis of 4 weeks. 


in composite samples representing the other portions of the 
period. 

The average test for the first two days of period IV was nearly 
16 per cent higher than the average for the whole period, and 18 
per cent higher than the three periods of herd ration feeding. 
The next three days’ test showed a sharp drop. The high oil 
feeds seemed to have lost their effect upon the test by the close 
of the fifth day. 
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TABLE 2 

Summary of production of cows^ Series Ilf 192$ 


PIHIOB 

RATIOS 

cow 

TOTAL 80LI1B 

MILK 

FAT 


I iiO days) 

f 

Herd { 

i 

1 

571 

574 

575 

576 

pounds 

39.19 

56.43 

41.61 

43.42 

per cent 

12.29 

12.07 

11.55 

11.40 

pounds 

318.9 

467.5 
360.0 

380.6 

pounds 

11.07 

15.95 

11.19 

11.35 

3.47 

3.41 

3.11 

2.98 

Total 

180.65 

18.07 

m 

1,627.0 

152.7 

49.56 

4.96 

3.25 

Average per day 

II 13 days) 

r 

■ i 

High oil ^ 

571 

574 

575 

576 

11.25 

16.18 

11.81 

12.13 

12.18 

12.16 

11.89 

11.65 

92.4 

133.1 
99.3 

104.1 

3.23 

4.86 

3.39 

3.45 

3.50 

3.65 

3.41 

3.32 

Total 

51.37 

17.12 

11.98 

428.9 

143.0 

14.93 

4.98 

3.48 

Average per day, 

Ill (12 days) 

Herd \ 

1 

571 

574 

575 

576 

43.55 

61.23 

44.25 

47.41 

11.95 

11.89 

11.43 

11.45 

364.5 

515.0 

387.1 
413.9 

11.81 

17.22 

11.97 

12.53 

3.24 

3.34 

3.09 

3.03 

Total 

196.44 

16.37 

11.69 


53.53 

4.46 

3.19 

Average per day 

IV 1,18 days) 

High oil 1 

571 

574 

575 

576 

62.03 

72.73 

61.70 

70.06 



17.50 ' 
21.12 
17.06 
17.93 

3.49 

3.46 

3,24 

2.98 

Total 

266.52 

14.81 

11.90 

2,239.6 

124.4 

73.61 

4.09 

3.29 

Average per day 

V. (21 days)*.- 

( 

Herd i 

' 

571 

574 

575 

576 


1 


18.12 

24.28 

19.44 

20.40 

3.29 

3.36 

3.10 

3.10 

Total 


■ 

2,560.1 

121.9 

82.24 

3.92 

3.21 

Average per day* 


• Percentage of fat determined by Babcock method during period V. 





















TABLE 3 

Detailed production of Period IV, Series II, 19IB 


Pirst 2 days 



pounds 

pounds 

1 per csni 1 



571 

59.0 

7.26 


2.100 

1 3.66 

574 

57.9 

7.73 


2.876 

i 4.97 

575 

60.2 

7.02 

11.66 

2.066 

; 3.43 

576 

68.4 

8.08 

11.81 

2.3505 

3.37 

Total 

245.5 

30.09 


9-347 


Daily average 

122.8 

15.05 

12.26 

4.674 

3.81 



Days 3, 4, 

5 



571 

86.1 

mM 

12.62 

3.168 

3.68 

574 

91.6 


11.91 

3.207 i 

3.50 

575 

86.7 


11.75 


3.35 

576 

102.6 

11.86 1 

11.56 

3.016 

2.94 

Total 

367.0 

43.83 


12.296 


Daily average 

122.3 

14.61 

11.94 


3.35 


Days 6, 7, 8 


571 

88.1 

10.73 

12.18 

2.969 

3.37 

574 

107.0 

12.58 

11.76 

3.306 

3.09 

575 

88.1 

10.43 

11.84 

2.908 

3.30 

576 

102.4 

11.81 

11.53 

3.021 

2.95 

Total 

385.6 

45-55 


12.204 


Daily average 

128.5 

16.18 

11.81 

4.068 

3.17 


Days 9, 10, 

11 



571 

86.7 

10.72 

12.36 


3.47 

574 

109.9 

12.84 

11.68 

3.440 

3. 13 

575 

88.0 

10.40 

11.82 

2.834 

3.22 

576 

98.4 

11.65 

11.84 

2.943 

2.99 

Total 

383.0 

45.61 


12.226 


Daily average 

127.7 

15.20 

11.91 

4.075 

3.19 

Days 12 to 18 

571 

181.8 


12.35 

6.253 

3.44 

574 

244.2 


11.74 

8.293 

3.40 

575 

203.3 


11.14 

6.342 

3-12 

576 

229.2 


11.63 

6.646 

2.90'. 

Total 

858.5 

101.44 


27.534 


Daily average 

122.6 

14.49 

11.82 

3.933 

3.21 
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The differences in oil content of the rations being compared 
were relatively small. The calculated daily amounts of diges- 
tible fat consumed by the four cows in the first four periods were 
3.8, 6.1, 3.7 and 5.7 pounds, respectively. In spite of the 
small differences, there was a distinct effect of the rations upon 
the test of the milk. The amounts of digestible protein and total 
digestible nutrients consumed met the estimated requirements 
of these substances closely (fig. 4). 

A comparison of the Babcock and Roese-Gottlieb methods 
of determining the percentage butterfat content of milk was 
made during Series II. It was found that the Babcock method 
gave results slightly higher (0.04 to 0.13 per cent fat for the dif- 
ferent cows) than the Roese-Gottlieb method (table 4), 

Series III 

This series comprised three feeding trials of three weeks each, 
covering a total time of about ten weeks. Period I, during which 
the soybean oil meal ration was fed, was extended to 13 days in 
order that the cows might become better accustomed to the feed, 
and also on account of the recent freshening of some of them. 
The other periods were seven days in length and the records of 
mUk production coincide with the feeding periods. 

The number of days the cows had been in milk at the begin- 
ning of Series III was as follows: Cow 262, 2 days; cow 270, 
49 days; cow 300, 7 days; cow 303, 5 days; cow 316, 309 days; 
cow 323, 13 days. Cows 6 and 25 had been in milk 87 days and 
102 days, respectively, at the beriming of the feeding trials 
reported for them under experiment B. 

The increases in test obtained by replacing soybean oil meal 
in the concentrate mixture with soybeans were not large, and in 
one case, that of cow 262, the results were negative (table 5). 
The results obtained with cow 262 are not conclusive, however, 
because she continued to increase in milk production through- 
out both experiments A and B and failed to consume enough 
nutrients to meet her requirements. The recent freshening of 
several of the cows seemed to be a factor of minor importance 
in determining the extent to which the ration affected the test, 
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TABLE 4 

Comparison of Babcock and Roese-Gottlieh methods for determination of hulterfai 

in milk 


SAMPLE 

NUMBER 

RATION 

cow 571 

cow 574 

COW 575 1 

cow 575 

Bt 

R§ 


R| 

Bt . 

R§ 

Bt 

E§ 

P 

Herd 

3.7 

3.69 

3.6 

3.58 

3.1 

3.09 

3.0 

2.98 

2^ 

Herd 

3.5 

3.32 

3.4 

3.29 

3.25 

3.11 

3.0 

2.96 


Herd 

3.5 

3.38 

3.6 

3.45 

3.2 

3.06 

3.2 

3.03 

4t 

Herd 

S.S 

3.67 

3.15 

3.00 

3.4 

3.27 

3.1 

2.99 

5t 

Herd 

3.6 

3.47 

3.45 

3.31 

; 3.5 

3.34 

2.9 

2.89 

6t 

^ High oil 

3.95 

3.85 

4.05 

4.02 

3.95 

3.84 

3.6 

3.52 

7t 

High oil 

3.4 

3.19 

3.9 

3.84 

3.2 

2.98 

3.0 

2.84 

St 

High oil 

3.7 

3.56 

3.9 

3.74 

3.9 

3.77 

2.95 

3.09 

9t 

High oil 

3.9 

3.66 

3.5 

?,.24 

3.35 

3.16 

1 3.2 

3,15 

lot 

High oil 

4.1 

4.11 

3.7 

3.60 

3.8 

3.62 

S.6 

3 , 52 

lit 

High oil 

3.05 

2.79 

3.7 

3.54 

3.5 

3.28 

3.0 

3.SS 

12t 

Herd 

4.1 

4.10 

2.9 

2.82 

2.8 

2.75 

2.6 

2.56 

13t 

Herd 

3.1 

3.01 

3.2 

3.10 

3.1 

3.01 i 

2.8 

2.55 

14t 

Herd 

3.3 

3.58 

2.9 

2.88 

3.0 i 

3.08 

3.3 

3.34 

lot 

Herd 

3.2 

3,17 

3.3 

3,30 

3.05 

3.08 

2.5 

2,39 

16* 

Herd j 

3.4 

3.19 

3.5 

3.30 

3.3 

3.06 

3.3 

3.13 

17* 

Herd 1 

3.3 

3.19 

3.5 

3.28 

3.4 

3.21 

3.1 

3.03 

18* 

Herd 

3.4 

3.18 : 

3.6 

3.50 

3.1 

3.04 

3.2 

3.21 

19t 

Herd 

3.6 

3.58 

3.5 

3.46 

3.2 

3.09 

3.0 

2,98 

20t 

Herd 

3.2 

3.08 

4.4 

4.38 

3,35 

3.34 

2.9 

2.78 

21t 

High oil 

3.1 

3.09 

4.3 

4.25 

3.4 

3.22 

3.8 

3.76 

22t 

High oil 

3.7 

3.64 

5,1 

5.15 

3.6 

3.50 

3.6 

3.53 

23t 

High oil 

4.2 

4.11 

5.0 

4.92 

3.6 

3.28 

3.1 

3.07 

24t 

High oil 

3.5 

3.39 

5.7 

5.76 

3.7 

3.65 

3.2 

3.13 

25* 

High oil 

3.85 

3.68 

3.6 

3.50 

3.5 

3.35 

3.1 

2.94 

26* 

High oil 

3.5 

3.37 

3.2 

3.09 

3.5 

3.30 

3.1 

2.95 

27* 

High oil 

3.5 

3.47 

3.2 

3.13 

3.25 

3.22 

3.05 

2.99 

28* 

High oil 

3.5 

3.44 

3.3 

3.40 

3.3 

3.12 

2,9 

^ 2.90 

Average 

3.55 

3.46 

3.72 

3.61 

3.37 

3.24 

3.11 

3.07 


* Composite sample preserved by formalin, 
t Sample of single milking — ^no preservative. 

J Babcock method, average of 2 determinations, 

§ Roese-Gottlieb method, average of 2 determinations. 


however, for cows 270 and 316, which had been in milk for a 
longer time, showed increases in test only slightly greater than 
cows 300 and 303. 

It is believed that the failure of the soybean ration to cause a 



320 


W. B* NETENSj M. B. ALLEMAN AND L. T. PECK 



Series 111^ experiment A. Comparison oj effect of soybean oil meal and soybeans 

on the percentage of fat in milk 


Cow 262 (Guernsey) 

j pounda j pounds 1 ! percent I per cent 


Soybean oil meal 257 , 0 


Soybeans 288.5 14.774 5.12 ~2.1 -1.7 

Soybean oil meal. 324.0 17.111 5.28 


Cow 270 (Guernsey) 


Soybean oil meaP 167.2 9.671 5.87 

Soybeans 165.4 10.155 ' 6.14 6.1 5.2 

Soybean oil meal. 168.8 9.637 5.70 


Cow 316 (Holstein) 


Soybean oil meal* 276.5 9,880 3.57 

Soybeans 266.2 9.643 3.64 4.6 —1.6 

Soybean oil meal 286.1 9.703 3.39 


Cow 300 (Guernsey) 


Soybean oil meaP 250.0 11.416 4.57 

Soybeans..,.. 240.8 11.657 4.80 7.3 5.2 

Soybean oil meal 245.6 10.752 4.37 


Cow 303 (Guernsey) 




Soybean oil meal, 6 cows 

Soybeans, 6 cows 


173.1 

176.3 

158,8 

8.844 

8.699 

7.078 

1,290.5 
1,271.2 ! 

60.460 

62.027 
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TABLE 5-Continued 


PBEIOD 


MILK, 

7 DAYS 


FAT, 

7 DAYS 


ATBKAOE 
TEST (PEB 
CENT fat) 


INCBEASB 
IN TMiT 


INCllBASB 

IK 

FAT TIKLD 


Series III, experiment B. Comparison of efect of linseed oil meal with flaxseed 

meal on the percentage of fat in milk 


Cow 262 (Guernsey) 



pounds 

pounds 


per sent 


Linseed oil meal 

331.0 

15.782 

4.76 



Flaxseed meal 

333.9 

16.146 

4.84 

1.2 

1.0 

Linseed oil meal 

336. S 

16.193 

4.81 

i 



Cow 270 (Guernsey) 


Linseed oil meal 

wmm 

9.281 

5.68 

6.34 



Flaxseed meal 


10.924 

12.0 

15.4 

Linseed oil meal , 

171.0 

9.650 

5.64 





Cow 270 (Guernsey) 


Linseed oil meal 

141.3 

8.126 

5.75 



Flaxseed meal 

151.3 


6.13 

11.4 

10.9 

Linseed oil meal 

163.6 

8.614 

5.26 




Cow 316 (Holstein) 


Linfifted oil meal i 

297.2 

10.358 

3.49 

■■llllll 



293.8 

11.142 

3.80 


11.2 

Linseed oil meal 

270.4 

9.659 

3.57 


■HI 



Cow 300 (Guernsey) 


Linseed oil meal 

232.7 

10.159 

4.37 



Flaxseed meal 

227.5 

11.343 

4.98 

11.7 

13.2 

Linseed oil meal j 

217.4 

1 

9.883 

4.55 





Cow 303 (Guernsey) 


TiimKeed oil meal 

■BUM 

6.778 

4.67 



Flaxseed meal . . 

iiii 

7.341 

5.01 

9.2 

6.4 

Linseed oil meal 


7.018 

4.51 





Cow 323 (Ayrshire) 


Linseed oil meal 

153.8 

6.834 

4.44 ' 



Flaxseed meal 

137.0 

7.319 

5.34 

21.9 

14.1 

Linseed oil meal 

138.6 

5.991 

4.32 

















TABLE o—Conduded 



1 i 


; ATERAOE 

IXCREASE 
IN TEST 

INCBEASB 

TPEEIOD 

1 7 DATS 1 

j PAT, 

j 7 DAYS 

i TEST (per 

1 CEJn- FAT) 

IN 

PAT YIELD 


Seriss III experiment B. Cojnparison of e;ffect of Unseed oil meal with flaxseed 
meal on the percentage of fat in milk — Continued 


Cow 6 (Grade Holstein) 


Flaxseed meait 

Linseed oil meal 

Flaxseed meal 

Linseed oil meal 

pounds 

219.9 

217.7 

192.0 

217.4 

pounds 

S.1I5 

7.031 

7.332 

7.529 

3.69 

3.23 

3. 82 
3-46 

per cent 

14.2 

per cent 

0.7 

Co"w 25 (Grade Holstein) 

Flaxseed mealf 

263.0 

8. 198 

3.11 



Linseed oil meal 

252.4 

7.030 

2. 78 



Flaxseed meal 

236.6 

7.648 

3.23 

11.0 

5.0 

Linseed oil meal . 

247.5 

7.544 

3.04 



Average periods 1 and 3 : 






Linseed oil meal, 9 cows .... 

1,927.0 

81.730 

4.24 



Flaxseed meal, 9 cows 

1,890.9 

SS.47S 

4.68 

10.4 

8.3 


Series III^ experiment C\ Comparison of effect of peanut oil meal and peanuts on 
the percentage of fat in milk 

Cow 316 (Holstein) 


Peanut oil meal 

262.1 

9.573 

3.65 


Peanuts 

276.9 

9.777 

3.53 

3.1 

Peanut oil meal 

297.3 

9-719 

3.20 



Cow 300 (Guernsey) 


Peanut oil meal 

195.9 

S.596 

4.39 



Peanuts 

194.0 

9.456 

4.87 

5.6 

12.4 

Peanut oil meal 

170.2 

8.224 

4.83 





Cow 303 (Guernsey) 


Peanut oil meal 

155.9 

6.891 

4.42 



Peanuts 

14S.6 

7.233 

4.87 

14.1 

6.1 

Peanut oil meal 

163.9 

6.745 1 

4.12 


i 



Cow 323 (Ayrshire) 


Peanut oil meal 

Peanuts 

Peanut oil meal 

139.1 

135.3 

138.3 

6.106 

6.888 

5.802 

4.39 

5.09 

4.19 

18.6 

15.7 

Average periods 1 and 3 : 

Peanut oil meal, 4 cows 

Peanuts, 4 cows 

761.4 

754.8 

30.S28 

33.354 

4.05 

4-42 

9.1 

8.2 


t Preliminary period. 
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greater effect upon the test was due to the comparatively smali 
difference in the oil content of the soybean oil meal mixture and 
that containing the ground soybeans. 

"WTien flaxseed meal was substituted for linseed oil meal in 
amounts such that the concentrate mixture was as closely bal- 
anced to meet production requirements as before, greater effects 
upon the test were secured than with any other like substitution. 
The increases were as great as 21.9 per cent with an average for 
the nine records of eight cows of 11 per cent (table 5, experiment 
B). If cow 262 be omitted, the average would be about 12 per 
cent. The increase in the test was responsible for an increased 
fat yield for the week about 8 per cent greater than the average 
for the preceding and following weeks, although some of the 
increased fat jdelds were as much as 14 per cent. The milk 
yield was somewhat lower during the flaxseed meal period, the 
average for the group being 4.4 pounds per cow for the week, 
or about 0.6 pound per day. 

The peanut oil meal and peanut mixtures were not consumed 
readily by some cows, and were refused entirely by others. Cow 
270 was, therefore, again fed the rations used in experiment B, 
and her records included under that experiment. The substitu- 
tion of peanuts for peanut oil meal gave increases in test of as 
much as 18 per cent, with an average of 9 per cent for the four 
cows (table 5, experiment C). Fat jdelds were also increased 
about 8 per cent. 

Neither the peanut oil meal nor peanut mixtures were readily 
consumed, which is believed to be responsible for decreased milk 
production in several cases and failure to secure a greater effect 
upon the test. 

The amounts of digestible nutrients consumed compared with 
the estimated requirements are shown in figures 5 and 10. 

One of the interesting observations made during this series 
was that the test is not affected at once when the ration is changed 
from low oil to high oil, but that there is a latent period 
which seems to vary in length from 12 to 36 homs. Part of the 
records secured in Experiment B have been calculated in dif- 
ferent ways in order to illustrate this point (table 6). It was 
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* Cows milked twice daily, except cow 316. Records for cow 316 calculated for same periods as other cows. 
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found that when the milk yields and fat yields were computed 
for one day begimiing with the milking coinciding with the 
change in feed, that the test was no higher than in the four day’^ 
check period preceding the change. Records for one day and 
for two days beginning one milking after the feed change were 
tabulated. The first days’ test showed an increase of 2 per cent 
above that of the check period, while the increase in test for the 
two days was 8.5 per cent, thus indicating that the change dur- 
ing the second day was greater than during the first. When 
two milkings after the feed change were omitted, the records for 
the two following days showed an increase in test of nearly 11 
per cent. 

Another point brought out in these studies was that the high 
oil ration has a residual effect lasting from 12 to 24 hours or more 
(table 7). In the latter table, the records are given by period 
beginning one day after the changes in rations were made. 
Further studies of the latent effects of feed are in progress. 

In view of the increases in test obtained in these experiments 
in which concentrate mixtures containing about 11.5 per cent 
digestible protein were fed, the question was raised as to whether 
similar increases could be obtained with rations higher in protein. 
Accordingly, cow 270 was fed for three additional periods of 
seven days each. During the first and third periods, a “test 
cow mixture,” consisting of corn, oats, wheat bran, linseed oil 
meal, cottonseed meal, soybean oil meal and gluten meal, and 
containing about 17 per cent digestible protein, was fed. Dur- 
ing the second period, flaxseed meal was substituted for a part of 
the test mixture. The detailed production records are shown m 
table 7, 

The data show that the daily ydeld of fat and the test were 
approximately 16 per cent greater during the flaxseed jieriod 
than during the test ration periods. 

Series IV 

The procedure during Series IV was similar to that of the pre- 
ceding series, except that each experiment was extended to in- 
clude two more weeks, during one of which oil plus oil meal 



326 


B. NEVENS, M, B. ALLEMAJST AN"!) L. T. PECK 


TABLE 7 

The effect of feeding flaxseed when the test ration is used as the basic ration. Flaxseed 
substituted for part of test ration during flaxseed period 


Guernsej' cow no. 270 



MUSK. Y1EI.D 

PAT 

F.\T YIELD 


Per 

milking 


Per 

milking 

Daily 

Test ration 


■■■ 

pounds 

per cent 

5.3 

pounds 

0.583 

pounds 

P, 

10.5 

21.5 

5.4 

0.567 

1.150 

Mav 11 — A 

11.3 

5.6 

0.633 

P 

10.2 

21.5 

5.4 

0.551 

1.184 

May 12 — A 

11.6 

5.3 

0.615 

P., 

10.2 

21.8 

5.6 

0.571 

1.1S6 

May 13— A 

12.5 

5.4 

0,675 

P 

12.7 

25.2 

5.3 

0.673 

1.348 

May 14 — A 

13.4 

5. 6 

0.750 

p 

9.6 

23.0 

5.8 

0.557 

1,307 


11.9 

5.8 

0.690 

P 


21.9 

6.0 

0.600 

1.290 

May 16 — 

11.0 

4.7 

0.517 

P 

10.0 

21.0 

6.5 

0.650 

1.167 


Total. 

155.9 



8.632 

Average - 

22.3 

5.56 


1.277 



Flaxseed ration 

May 17 — A 

pounds 

12.1 

pounds 

per cent 

5.7 

pounds 

0.690 

pounds 

P 

9.9 

22.0 

6.2 

0.614 

1.304 

Mav IS— A 

11.2 

6.0 

0.672 

P 

9.8 

21.0 

6.3 

0.617 

1.289 


11.5 

6.3 

0.725 

P. 

9.6 

21.1 

6.8 

0.653 

1.378 

Mav 20 — A 

12.6 

6.4 

0.806 

p 

10.3 

22.9 

7.4 

0,762 

1.568 

May 21— A 

11. S 


6.9 

0.814 

P,. 

10.5 

22.3 

7.4 

0 777 

1.591 

May 22— A 

11.6 

5.9 

0.6S4 

0 713 

P 

9.9 

21.5 

7,2 

1.397 

May 23 — A. 

12.2 

6 7 

0-SI7 

0.730 

P 

10.0 

22,2 

7-3 

1.547 


TotaL 

153.0 



10.074 

L439 

Average. 

21.9 

6.58 
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TABLE 7 — Cantinued 



TVT7T.T!:: YIELI> 

PAT 

PAT TIBLD 


Per 1 

milking i 

Daily 

Per 

milking 

Daily 


Test ration 


May 24 — A 

10,4 


6.5 

0.671 


P 

9.6 

i 20.0 

6.9 

0.661 

1.337 

May 25 — A 

12.5 


6.5 



P 

10.7 

23.2 

■ 6.0 

0.642 

1.455 

May 26 — A 

10. S 


5.6 

0.605 


P 

9.8 

20.6 

5.3 

0.519 

1.124 

May 27— A 

12.5 


5.4 

0.675 


P 

9.9 

22.4 

5.4 

0.535 

1.210 

May 28 — A 

11.8 


5.2 

0.614 


P 

10,1 

21.9 

5.8 

0.586 

i.m 

May 29— A ^ 

12.0 


5,6 

0.672 


P 

9.2 : 

21,2 

5.5 

0.506 

1.178 

May 30 — ^A ; 

12.3 ; 


5.7 

0.701 


P 

9.9 i 

22.2 

5.6^ 

0.554 

1.256 

Total 

Average 

151.5 

21.6 

5.78 


mmM 



M3IfE: 

PAT 

Average daily production on test ration. 

pOUTidS 

22,0 

pounds 

1.242 

per cent 

5.66 

Average daily production on flaxseed 
ration 

21.9 

1.439 

6.58 


Increase in yield of fat, per cent 15.9 

Increase in test, per cent 16. S 


Increase in yield of fat, per cent 15.9 

Increase in test, per cent 16. S 


^ Sample lost. Average test of three previous p.m. milkings used. 

characterized, the ration. The rations differed from those of 
Series III in being less bulky and thus more readily consumed. 
Corn, oats and corn starch were used instead of the large quan- 
tities of beet pulp, these feeds being used to provide energy and 
to keep at a low level the protein and oil content of that part of 
the concentrate mixture other than the feeds being compared. 

On accoxmt of the differences in the requirements for the pro- 
duction of milk containing different percentages of fat, two 
separate concentrate mixtures were formulated for each period, 
one being calculated for Holsteins and Ayrshires, and the other 
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TABLES 

Summary of results 





AVEBAGB 




MILK, 

FAT, 

test 

ikcbkase 

IHCBBASB 

7 DAYS 1 

7 DAYS 

(per cent 
eat) 

IN' imT 

IN fat 


Series JFj experiment A . € mnparison of e^ect of linseed oil wieal^ flaxseed meal and 
linseed oil meal plus linseed oil on the percentage of fat in milk 


Cow 299 (Jersey) 



pounds 

pounds 


■percent 

peremt 

Linseed oil meal | 

200.7 

9.988 

4.98 



Flaxseed meal - | 

204.0 I 

10.475 

5.13 1 

8.7 

6.9 

Linseed oil meal ; 

215.9 ’ 

9.606 

4.45 



Linseed oil meal 4 - linseed oil . 

215.0 

10.185 

4.74 . 

9.5 

10.9 

Linseed oil meal 

208-3 

8.768 

4.21 ■ 




Cow 340 (Holstein) 


Linseed oil meal 

245.7 ' 

7.485 

3.05 


■M 

Flaxseed meal . , 

233.5 

6.988 

2.99 

0.7 


Linseed oil meal 

224.3 

6.493 

2.89 


Hi 

Linseed oil mea! + linseed oil . 

221.1 

7.022 

3.18 

15.6 


Linseed oil meal 

226.4 i 

i 

5.905 

2.61 


HI 


Cow 288 (Holstein) 


Linseed oil mea! 

352.0 

11.415 

3.24 



Flaxseed meal 

341.7 

10.367 

3.03 

1.2 

-0.5 

Linseed oil meal 

342.0 

9.412 

2.75 



Linseed oil meal 4- linseed oil . 

342.3 

10.527 

3.08 

13.0 

15.5 

Linseed oil meal 

327.0 

8.819 

2.70 




Cow 2S8 


Linseed oil meal 

Linseed oil meat 

Flaxseed meal 

Linseed oil meal 

Linseed oil meal i 

314.9 

312.3 
306.5 

300.4 
303.8 

10.043 

9.619 

10.400 

9,077 

9.181 


10.1 

9.7 

Average periods 1 and 3 : . . , , 






Linseed oil mealj 3 cows. . . 

790,3 

27.200 

3.44 



Flaxseed meal, 3 cows 

779.2 

27.830 

3.57 

3.7 

2.3 

Average periods 3 and 5: 






Linseed oil mealj 3 cows. . . i 

772.0 

24.502 

3.17 



Linseed oil mea! 4 - linseed I 






oil, 3 cows 

778.4 

27.734 

3.56 

12.3 

13.2 










TABLE S — Continu&i 


PEKIOU 1 

1 

MILK, i 

1 yAT, 

AYBBAGE 

tlBT 

INCBlSAaB 

1NCB*AS» 

7 DAYS 1 

i 7 DAYS 


m TEST 

IMFAT 

i 


i 

FAT) 




Series JFj experiment B. Comparison of effect of peanut oil meal^ peanuts^ and 
peanut oil meal plus peanut oil on the ‘percentage of fat in milk 


Cow 270 (Guernsey) 


Peaniit oil meal. 

pounds 

204.9 

pounds 

10.424 

6.087 

p«t cent 

per emt 

Peanuts 

201,4 

11.415 

5.668 

13.6 

8.6 

Peanut oil meal 

216.4 

10.590 

4.89 

Peanut oil meal -f peanut oil. . 
Peanut oil meal 

193.0 

198.5 

10.978 

9.773 

5.69 

4.92 

16.0 

7.8 




Cow 340 (Holstein) 

Peanut oil meal ' 

233,5 

6.551 

2.S05 



Peanuts 

214.8 

7.067 

3.290 

14.9 

8.1 

Peanut oil meal 

223.2 

6.518 

2.92 

Peanut oil meal -f peanut oil. . 
Peanut oil meal 

214.7 

232.4 

6.772 

6.266 

3.15 

2.69 

12.3 

6.4 





Cow 299 (Jersey) 


Peanut oil meal 

221.6 

10.167 




Peanuts 

206.8 

10.051 

4.860 

9.7 

3.0 

Peanut oil meal 

219.2 

9.357 

4.27 



Peanut oil meal -p peanut oil.. 

213.5 

10.408 

4.87 

16.7 

14.5 

Peanut oil meal 

216.4 

8.819 

4.07 




Cow 334 (Jersey) 


Peanut oil meal 

232.0 

11.377 

4.904 



Peanuts 

234.9 

11.481 

4.888 

7.0 

1.2 

Peanut oil meal 

264.7 

11.312 

4.27 



Peanut oil meal + peanut oil.. 

238-2 

11.283 

4.73 

5.3 

-1.8 

Peanut oil meal 

246.3 

11.657 

4.73 




Cow 323 (Ayrshire) 


Peanut oil meal 

Peanuts 

Peanut oil meal 

Peanut oil meal + peanut oil. . 
Peanut oil meal 

226.6 

224.7 
222.5 
219.3 

224.8 

10.532 

9.690 

9.003 

9.248 

8.244 

4.648 

4.312 

4.07 

4.26 

3.66 

-0.9 

14.8 

-0.4 

7.2 

Average periods 1 and 3: 






Peanut oil meal, 5 cows . . . 

1,132.3 

47.916 

4.23 ; 



Peanuts, 5 cows 

1,082.6 

49.704 

4.59 

8,5 

3.7 

Average periods 3 and 5 : 






Peanut oil meal, 5 cows . . . 

1,132.2 

45.770 

4.04 



Peanut oil meal + peanut 






oil ^ 

1,078.7 

48.689 

4.51 

11.64 

6.4 
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TABLE 8 — Continued 


PEHIOD* 

MILK, 

FAT, 

AYEKAGB 

TEST 

I 

■’ INCREASE 

INCBEASB 

7 DAYS 

7 DAYS 

(PEB CENT 

IN TIST 

IN PAT 




fat) 




Series JV, experiment €. Comparison of effect of soybean oil mealy soybeans^ and 
soybean oil meal plus soybean oil on the percentage of fat in milk 


Cow 270 (Guernsey) 


Soybean oil meal. 

pounds 

\ 193.5 

pounds 

9-637 

4.980 

i per cmt 

per cent 

1 

Soybeans 

Soybean oil meal 

Soybean oil meal -f- soj^bean 

178.7 

179.6 

9.652 
9.656 ; 

5.401 

5.376 

j 

4.4 

0.1 

oil 

Soybean oil meal , 

167.0 

167.3 

9.175 

9.699 

5.494 ^ 
5.797 

1.5 

-5.2 


Cow 340 (Holstein) 


Soybean oil meal 

213.8 

6.123 I 

2.864 ; 



Soybeans 

Soybean oil meal i 

Soybean oil meal + soybean 

209.9 

233.7 

6.249 

7.055 

2.977 

3.019 

1.1 

-5.1 

oil 

Soybean oil meal 

233.1 

227.6 

6.649 

6.899 

2.S52 

3.031 

—5.7 

-4.7 


Cow 2S8 (Holstein) 


Soybean oil meal 

292.4 

S.994 

3.076 



Soybeans 

Soybean oil meal 

Soybean oil meal -j- soybean 

295.9 

283.3 

9,541 

8.995 

3.224 
3.175 : 

-3.1 

6.1 

oil 

Soybean oil meal — 

300,7 

290.5 

9.188 
9.174 ! 

3.056 

3.158 

-3.0 

1.1 


Cow’ 299 (Jersey) 


Soybean oil meal 

212.5 

9.519 

4.480 



Soybeans 

Sovbean oil meal 

Soybean oil meal + soybean 

195.4 

191.4 

8.740 

9.422 

4.473 

4.923 

-4.7 

-7.7 

oil 

Sovbean oil meal ^ 

197.9 

196.8 

9.485 

9.341 

4.793 

4.746 

-0.8 

1.1 


Cow 323 (Ayrshire) 



pounds 

pounds 


per cent 

per cent 

Sovbean oil meal 

203.3 

7.722 

3.79S 



Soybeans . ... 

195.7 

8.012 

4.094 

5.7 : 

4.3 

Soybean oil meal 

193.5 

7.643 

3.950 



Soybean oil meal + soybean oil 

175,3 

6.964 

3.973 

- 8.0 

-11.1 

Soybean oil meal 

173.6 

8.021 

4.620 
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TABLE S — Concluded 




A. V 23 TK A- G El 



MILK, 

FAT, 

TEST 

INCSEASB 

ENCBBASB 

7 BAYS 

7 BAYS 

(PEB CENT 
FAT) 

IN TEST 

IN PAT 


Series IV j experiment C, Comparison of effect of soybean oil meal, soybeans and 
soybean oil meal plus soybean oil on the percentage of fat in fnilk 


Cow 323 (Ayrshire) — Continued 


Average periods 1 and 3 : 




per cent 

per cefii 

Soybean oil meal, 5 cows — 

1,098.5 

42.383 

3.86 



Soybeans, 5 cows 

1,075.6 

42.194 

1 3.92 

1.6 

- 0.4 

Average periods 3 and 5: 






Soybean oil meal, 5 cows — 

1,068.7 

42.953 

! 4.02 



Soybean oil meal + soybean 



1 



oil, 5 cows 

1,074.0 

41.461 

[ 3.86 

-4.0 1 

-3.5 


for Jerseys and Guernseys. The experinaents began shortly 
after the cows had calved, the stage of lactation being as follows: 
Cow 299, 44 days; cow 340, 34 days; cow 288, 37 days; cow 270, 
37 days; cow 334, 10 days; cow 323, 21 days. 

Since experiments of Series III had shown a latent period and 
a residual effect of the high oil feeding, the records of milk pro- 
duction during Series IV were calculated for periods beginning 
one day after the changes in the rations were made. 

The comparison of the oil meal feeds with the kind of seeds 
from which the oil meals were derived gave results similar to 
those of Series III (table 8). Flaxseed meal, ho'wever, did not 
affect the test to so great an extent as before. During period 
rV of experiment A, linseed oil was administered to cows 299, 
340 and 288, in amounts of 1.6, 1 and 1.7 pounds, respectively. 
The linseed oil apparently had greater effects upon the test 
than the feeding of an equal amount of oil in the flaxseed meal 
rations. The few records obtained, however, can not be taken 
as indicating the exact extent of the effects upon the test to be 
expected from changes of this sort in the rations. 

The comparison of peanut oil meal and peanuts was more 
satisfactory than before because the feeds were more palatable. 
The peanut oil meal was quite readily consumed, but the peanuts, 
at first fed raw and later roasted, were not eaten so readily as the 
oil meal. The increases in test due to the peanut feeding (table 
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8, experiment B) were similar to those obtained in Series III, 
while the peanut oil gave slightly greater increases. The oil 
was fed in amounts ranging from 1.6 to 2.6 pounds per head 
daily. 

The comparison of soybean oil meal with soybeans, and the 
addition of soybean oil to soybean oil meal concentrate mixtures, 
showed practically no effect of high oil rations upon the test of 
milk. It is believed that the primary reason for this as sug- 
gested above, was the small differences between the low oil and 
high oil rations. \'\Tiile some of the cows received as much as 
2.5 to 3.0 pounds of digestible fat daily during the high oil periods 
in experiments A and B, the amounts were not over 1.4 pounds 
daily during the soybean comparisons. The amounts of soy- 
bean oil fed ranged from 0.3 to 0.56 pound daily. 

A factor which seemed to influence feed consumption and milk 
yields during experiment C, although it may have had no in- 
fluence upon the test, was the unusually hot weather for the 
season of the year (May 2 to June 6, 1925). 

Increases in test like those obtained as a result of the flaxseed 
and peanut feeding would be of much significance if obtained 
during the taking of an “official test,” because the amount of 
butterfat credited to a cow mi^t be materially increased as a 
result of the higher fat percentages. Perhaps of even greater 
importance is the higher percentage of fat which might be ob- 
tained during a one-day or two-day “semi-official test,” for the 
average percentage of fat obtained during the one-day or two- 
day period forms the basis for the calculation of the butterfat 
yields for an entire month. A cow might thus be credited with 
a yield of fat greatly in excess of her actual production. 

Another point of interest in connection with the making of 
official tests, is the effect of linseed oil upon the test of the milk. 
Linseed oil is sometimes administered as a laxative or physic, 
and might be so used during an official test. It is shown in 
these experiments that the consumption of linseed oil (given 
by mouth) increased the test of the milk- 

These series of experiments indicate that the composition of 
milk can be materially influenced by changes in the feed which 
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increase the amount of digestible fat or oil. The feeding of 
oils extracted from seeds of different plants had an effect upon 
the test of the milk similar to that produced by feeding the seeds. 
It is believed that possible stimulating effects due to changes in 
protein intake and to the introduction of feeds from different 
plant sources were absent from the experiments of Series III 
and rv. 

Further, in Series IV, differences in the energy content of the 
rations, calculated in terms of digestible nutrients, were largely 
avoided, so that increases in the test of the milk could not be due 
to a stimulating effect caused by a large surplus of energy above 
the requirements. It is logical to conclude, therefore, that the 
factor causing changes in the percentage fat content of the milk 
was the differences in oil content of the rations compared. 

PALATABILITY OF FEEDS 

Several of the mixtures fed were not relished, making it neces- 
sary to weigh and account for the orts or to change the character 
of the rations. Production was not so liberal on some rations 
as it might have been, had the feed been consumed more freely. 

Difficulty was encountered in Series III in securing complete 
consumption of the concentrate mixtures. This was partly due 
to great bulkiness caused by the large quantities of soaked beet 
pulp, although the lack of palatability of some of the feeds was 
also responsible. 

The peanut oil meal used in Series III had a sharp, burned odor 
and taste and was refused by some cows, while in Series IV it 
was of much better quality. The peanuts fed were shelled No. 2 
Virginia peanuts, and were fed both raw and roasted, ground 
and unground. Some cows refused to eat peanuts, while the 
ones which did eat them seemed to relish them roasted better 
than in the raw state. As many as 6.5 pounds of peanuts were 
consumed per cow daily. 

Soybeans did not prove as palatable as the soybean oil meal. 
About 4 poimds of soybeans daily per cow was the maximum 
amount fed. 

Flaxseed meal was eaten readily by all the cows, and as much 
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as 45 potmds weekly was fed without apparent disturbance of 
the body functions. 

Peanut oh and soybean oil were consumed completely when 
mixed with the concentrates, but linseed oh was refused and was 
given as a drench. 

SUMMARY AND CONCLUSIONS 

Experiments were carried out to determine the effect of ra- 
tions high in oil content upon the composition of mhk, with 
particular reference to its percentage fat content (test). 

The general plan of procedure fohowed was to feed rations 
low in oil content and high in oil content in alternate periods, 
and to compare the results obtained during a high oh period 
with the average of the results of the low oh periods immediately 
preceding and following it. 

The feeding of mixtures of sunflower seed, soybean seed and 
high oh corn did not seem to stimulate milk production and ef- 
fects upon the test, if any, were not e\idenced in weekly com- 
posite samples of the mhk. 

In the second series of experiments, mixtures of sunflower 
seed, high oil corn and soybean seed caused increases in the 
test of the milk of 8 to 18 per cent as compared to the tests dur- 
ing periods when the usual herd ration was fed. Slight changes 
in the percentage of total solids followed in the same direction 
as the test. 

In the third series, all concentrate mixtures contained the 
same percentage of digestible protein, and the mixtures were 
fed at a level intended to meet the estimated requirements 
closely. The mixtures fed during periods I and III of experi- 
ments A, B and C contained soybean oh meal, linseed oh meal 
and peanut oh meal, respectively, whhe during period II of the 
same experiments the corresponding oil meals were replaced by 
soybeans, flaxseed and peanuts. The increases in test secured 
as a result of the soybean feeding compared to the soybean oil 
meal periods were small or negative, while flaxseed gave increases 
of as much as 20 per cent, with an average of over 10 per cen- 
for nine records, as compared with linseed oil meal. The peat 
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nuts gave increases of as much as 18 per cent, with an average 
of 9 j^r cent for four cows, as compared with peanut oil meal. 
Fat yields were increased by both flaxseed and peanuts to the 

extent of about 8 per cent. 

In Series IV, the rations were carefully balanced and fed to 
ineet requirements closely. As in the preceding series, a com- 

Oil vs. hctv' Oil Mixtures. 

B ' ''^OOY BEAMS VS. SOYBEAN OlL MeAL. 

vs. Linseed Oil Meal. 

Peanu.'S vs. Peanut Oil Meal. 

Linseed 0ilMeal4* Linseed Oil vs. Linseed Oil Meal. 
Peanut Oil Meal+ Peanut Oil vs. Peanut Oil Meal. 
OoYbEAN OilMeaL-^ SOYBEAN OlL VS. SOYBEAN OilMLAL. 



Fig. 1. Graphic Summary op Results Obtained in the Comparisons op 
“High Oil’* with “Low Oil” Rations 


The heights of the columns represent the percentage increases obtained. The 
columns in Series II and the left sides of the double columns in Series III and IV, 
represent the percentage increases in test, whereas the dotted right sides of the 
double columns represent the percentage increases in yields of fat. 


parison of soybeans with soybean oil meal showed little effect, 
but there were distinct increases in the test due to flaxs^d feed- 
ing compared with linseed oil meal and to feeding peanuts in 
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contrast to peanut oU meal, although these were of less magni- 
tude than before anifin one or two cases were small or negative. 
The feeding of linseed oil and peanut oil as components of rations 
containing linseed oil meal and peanut oil meal, respectively, 
caused increases of about 12 per cent in the test of the milk as 
compared to iso-dynamic oil meal rations. Fat 3 delds were 
xi... 13 uer cent by the linseed oil feeding and about 

6 per cent by the peanut oil lotins. 

It is believed that these experiments estadii!to'%St*‘'((zr the 
percentage fat composition of milk can be materially increased 
by the feeding of rations high in oil as compared with rations low 
in oil but furnishing an equal amount of total digestible nutrients; 
(b) the increase can be induced by the feeding of ground whole 
seeds such as peanuts and flaxseed, or by the oils extracted from 
these seeds; (c) the factor responsible for the increase in test is 
the oil itself and not a stimulation due to a large excess of energy 
in the rations, nor to a so-called specific effect of any of the 
feeds used other than that which may be closely associated 
with the oil. 

It was noted that changing from a low oil to a high oil ration 
is not followed at once by an effect upon the test, but that there 
is a latent period of from 12 to 36 hours before the effect is pro- 
duced. In changing from a high oil to a low oil ration there is 
a residual effect of the high oil feed lasting about the same length 
of time. 

The length of time over which an increase in the test can be 
sustained by rations high in oil was not determined, but the 
data obtained indicate that as a rule, the greatest effect is ob- 
tained within the first two to three daj's and that the test then 
tends to decline. 
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APPENDIX 

Nate: In the charts which follow, economy of space has been sought by super- 
imposing one column upon another. It is assumed that the bases of all columns 
rest upon the horizontal line at the zero point of the scale- The amounts of 
digestible protein and total digestible nutrients may thus be read directly from 
the scale at the left. The amounts of digestible fat may likewise be read in the 
same manner, but in order to make these visible in the charts, the actual amounts 
consumed were multiplied by ten in figures 5 to 7, and by six in the remainder. 
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Fig. 2. Compa'eison of Digestible Xuteiex’t Consumption and Estimated 
Eequibements of Cow 66S during Series I 



Fig, 3. Comparison of Digestible Nutrient Consumption and Estimated 
Eequirembnts op Cow 671 during Series I 




Fi0. 6. Comparison of Dioestible Nutrient Consumption anu Estmatbo 
Requirements of Cows 262 anb 270 durino Series III 
339 


JOURNAI* OF 0A1BY TOIENC®, VO!L, 9, NO* 4 




IS5456759 


i a345G769 


Weeks 

Fig. 6. CoMPABisoN op Digestible Nutrient Consumpt. \" and Estimated 
Requirements of Cows 300 and 303 during Series III 
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Fig. 7. Comparison of Digestible Nutrient Consumption and Estimated 
Requirements of Cows 316 and 323 during Series III 
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Fia. 8. CoMPARiso^r of Digestible Nutrient Consumption anb Estimated 
Requirements of Cows 270 and 334 during Series IV 






FlO* 9. COMPAEISON OF DIGESTIBLE NuTRIBNT CONSUMPTION AND ESTIMATED 
Kequirements of Cow 288 during Series IV 
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Fig. 10. CoMPAEisoN of Digestible 'Nutrient Consumption and Estimated 
Requieements of Cow 299 du3eiing Sehies IV 
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FiQ. 11. COMPAEISON OF DIGESTIBLE NiTTHTENT CoifSUMPTION AND ESTIMATED 

Eeqitiksments of Cow 323 doeinq Series IV 


PEKCENTAGB FAT CONTEXT OF MILK 
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Fia. 1?. COMFABISQN OF DiOBSTIBLB NoTBIENT CONStJMPTION ANB Es-TIMATBI> 

Requibements of Cow 340 during Series IV 



SHRINKAGE OF PRINT BUTTER* 

E. S. GUTHRIE 

Dairij Indmtnj Department, Cornell University, Ithaca, New York 

One of the most annoying considerations in handling butter 
is shrinkage, which makes it difficult to maintain legal weights. 
This is particularly true when it is held in cold storage for several 
months and when there has been sufficient time for evaporation 
of moisture. Shrinkage of butter is largely loss of water, and the 
decrease in moisture content is due mostly to evaporation. 

This phenomenon is accelerated when the moisture is not 
thoroughly mixed with the fat. It is decreased when these two 
components of butter are so thoroughly worked together that 
the moisture droplets are small and thoroughlj’- encased in fat. 
It is, therefore, apparent that the evaporation of moisture from 
butter, which may result in a shrinkage in weight below the legal 
limit, can be one of the butter dealer’s most perplexing problems. 
The amount of working that butter receives probably has more 
to do with this loss of moisture than has any other factor. 

In 1921 the author made a study of the effect of different t3;pes 
of tm-foil wrappers for one-pound butter prints on the keeping 
quality and the shrinkage of butter. It was easy at that time 
to obtain additional data on the loss in weight by evaporation 
■when the butter was worked only sufficiently to prevent mottles 
and on additional working to better incorporate the moisture. 

The butter was the regular make of sweet-cream goods in the 
Cornell University creamery. The Victor churn with one set 
of rolls was used. At the usual time of 50 revolutions of the 
churn in the working process, all of the butter was removed 
from the churn -with the exception of one 90-pound Friday box- 
ful. This butter was worked 18 additional revolutions. Seven- 
ty-five prints of the butter worked 50 revolutions and seventy- 
six prints of the butter worked 68 revolutions were put in the 
experiment. 

* Eeceived for piibiioatioii April 30, 1926. 
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The prints were weighed on a Torsion butter scale which is 
graduated to read in thirty-seconds of an ounce. It was weighed 
on October 27, November 19, November 26, December 10, 
December 24, January 7, January 20, February 11, March 2, 


TABLE 1 

Effect of working on shrinkage of butter 



A 

-23* 

+1 

-3 

—5 

0 

-4 

-8 

—5 

—2 

0 

-27 

12 

76 

6.33 

B 


-8 

-3 

0 

-8 

-8 

-9 


-10 

0 

-8 

13 

81 

6.23 

C 

~12 


-23 

—2 

-4 

-5 

-18 

+2 

— 2 

-21 

-i 

13 

87 

6.69 

D 

-13 

-6 

-2 

-8 

-4 

-9 

-15 

-3 

-8 

0 

-9 

13 

77 

5.92 

E 

-8 

-12 

4-3 

-20 

-8 

-6 

-16 

0 

-10 

0 

-20 

12 

97 

8.08 

F 

-14 

4-37 

-13 

-7 

-16 

-1 

-14 

-2 

-19 

-4 

-19 

12 

72 

6.00 

Totel... 

-93 

4-11 

-41 

-42 

-40 

-33 

-80 

-12 

1 

-51 

—25 

-84 

75 

490 

6,54 


Division 2. Worked 68 revolutions of Victor cliurn 


A ' 

—7 i 

-8 

+19 

-16 

-6 

-5' 

-8 

-7’ 

+1 

-13 

—7. 

13 

57 

4.38 

B' 

+2 

+8 

—5 

-17 

0 

- 8 | 

.+5 

-10 

-19 

-5 

-3 

13 

53 

4.08 

C ' 

-5 

+3 

—2 

-3 

—2 

-IS 

+10 

+11 

-11 

-1 

-16 

12 

34 

2.83 

D' 

-12 

-14 

+8 

+2 

-1 

-2 

-3 

-21 

-S 

—2 

-3 

13 

58 

4.46 

E' 

4*6 

-11 

-10 

-24 

+1 

-9 

-9 


+29 

-21 

-14 

13 

j 66 

5.07 

F' 

-3 

-1 

+1 

-16 

-s 

+2 

-12 

-6 

-2 

— 15 

+2 

12 

58 

4.83 

Total.. . 

-19 

-23 

+9 

-74 

! 

-16 

-41 

-17 

-37 

-10 

1-57. 

-41 

76 

326 

4.29 


* Loss in moisture in thirty- seconds of an ounce. 


and April 10. The total number of dajE in which this butter 
was held was 155. 

The shrinkage from one weighing to another on the total 
weight of the 12 or 13 pound prints is shown in table 1. For 
illustration, sample A lost § of an ounce from October 28 to 
November 5, and increased is tie next period. Then it 
lost 4 from November 19 to November 26. The total shrink- 
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age is given in this table, as well as the average for each pound 
print. The computation included each weighing. 


TABLE 2 

Effect of working on shrinkage of butter 



A 

~9* 

-10 

-23 

-19 

-15 

-16 

—22 

-23 

B 


— 15 

-20 

-17 

-S 

-9 

-11 

-11 

€ 

-12 

-17 

-29 

-25 

-20 

—22 

-24 

-25 

D 

— 15 

-16 

-23 

-21 

-17 

-19 

-12 

-12 

E 

-20 

-20 

-28 

-28 

-21 

-23 

-27 

-28 

F 

— 15 

-15 

-26 

—25 

-20 

-20 

-20 

-21 

G 

-S 

-S 

-19 

-17 

-16 

-17 


-20 

H 

-9 

-S 

-26 

-25 

-15 

-15 

-17 

-18 

Average . . 

— 12.75 

-13.62 

-24.25 

—22. 12 

-16.50 

-17.62 

-19.12 

-19.75 

Division 2 

Worked 10 additional revolutions of Victor churn 


I 

-1 

-1 

-11 

-11 

-3 

-3 

0 

-1 

J 

-1 

0 

-6 

-6 

-5 

-5 

-2 

—2 

K 

-2 

-1 

-7 

—7 

+2 

-1 

-2 

—2 

L 

—2 

-1 

-6 

-6 

—7 

-5 

-3 

-3 

M 

-1 

0 

-10 

-11 

-4 

-3 

-3 

-3 

N 

-0 

+1 

-12 

-12 

—5 

-5 

-3 

-4 

0 

-1 

0 

-6 

-6 

-2 

—2 

-7 

-6 

P 

~i 

—2 

-7 

-7 

-4 

-3 

-6 

-6 

Average. . 

-1.12 

—0.50 

-8.12 

-8.25 

-3.50 

-3.37 

-3.25 

-3.37 


* Loss in moisture in tMrty-seconds of an ounce. 


A and A' were wrapped in the same kind of wrapping paper, 
likewise, B and B' and the other pairs were wrapped in the 
same types of paper. It is noticeable that in every pair the 
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butter which was worked 68 rex’olutions of the churn did not 
shrink as much as did that which was worked only 50 revolutions. 
Some of the variations were probably caused by the moisture 
leaking from one print to another, for it should be remembered 
that this butter was packed in 50-pound boxes which contained 
two tiers of 25 pounds each. The prints were not always re- 
placed in a certain position in the box after weighing. Some- 
times they were in the lower tier and again they were in the upper 
layer. This may account for occasional plus weights. The rate 
of shrinkage per day from weighing to weighing throughout the 
whole period seemed to be approximately the same. This in- 
dicates that the butter was still a long way from constant weight, 
or when no more evaporation would take place. 

The average loss in the 155 days at 45° to 50°F. was ^ of an 
ounce in division 1 , and of an ounce in di\dsion 2 . The 
difference of of an ounce to each one-poimd amounts to 4.4 
poimds on a 1000-poimd churning. When the price of butter is 
45 cents a pound, the value of this difference is S1.98. 

More recent studies of shrinkage by the author indicate greater 
loss of moisture than is shown in table 1 , The further research, 
which is reported in table 2 , was made of the regular sweet-cream 
butter which is manufactured in the Cornell University cream- 
ery. It was held at 0 to + 5 °F. for about eight months, and 
was churned in a Victor churn which has two sets of rolls. When 
the butter was worked sufficiently to distribute the salt evenly, 
thus insuring a uniform color, the samples of division 1 were 
taken. Then the butter was worked 10 more revolutions of the 
churn and the samples of division 2 were obtained. 

The average loss of moisture to each pound print of butter in 
division 1 was ^ of an ounce, when first weighed after storage. 
When it was held 27 days longer and w^eighed the second time 
after storage the loss had increased to - 3 ,- of an oimee, or 3.56 
per cent of a pound. In division 2 , the shrinkage was much 
less, for the first weight after storage showed only ^ of an 
ounce, and it was ^ of an ounce, or 0.75 per cent, 27 days 
later when it was weighed the second time after storage. 
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The shrinkage of 3.56 per cent of division 1 amounts to 35.6 
pounds on a 1000-pound churning. The loss in division 2 of 0.75 
per cent is 7.5 pounds in a chinning of similar size. The differ- 
ence is 28.1 pounds of butter, which at 45 cents a pound has a 
value of $12.65. 

This limited study indicates that the shrinkage of butter by 
evaporation and leakage can be largely controlled by thoroughly 
incorporating the moisture in the fat in the working process. 



A DEFECT OF PBIENTO CHEESE* 

DOXALD H. WAEEENi 

Eesearch Lahoraiories of the Bureau of Dairying, United States Deparimmt of 

Agriculture, Washington, D. 0. 

INTHOBUCTION 

Pimento cheese is a variety of soft unripened cheese of the 
Xeufchatel type which combines high moisture content with a 
high acidity. The quality of this t 5 T)e of cheese is largely de- 
pendent upon a clean, mildly acid flavor. 

The work of this investigation was undertaken to determine the 
factors responsible for the sharply acid and bitter flavor which 
develops on standing and renders the cheese unsalable. Spore 
forming anaerobic bacilli like the causal organism of this defect 
have been studied by Esty (1), Hall (2), Reddish (3), Speakman 
(4), and others. 

All experimental cheese was made in the laboratory where the 
entire manufacturing process could be controlled and uniform 
methods emploj-ed. The milk was received daily from the 
Bureau of Dairjdng farm and was pasteurized before being used. 
In making the cheese the usual factory procedure was followed 
throughout. 


EXPEKIMENTAL 

In sampling the cheese for bacteriological anal 5 ^is every pre- 
caution was taken to prevent contamination. The sample was 
removed from the center of the jar; and after weighing on a 
sterile paper, one gram was transferred to a mortar containing 
washed, ignited, sterile sand. Samples of cheese and the culture 
of Streptococcus lactis used in its manufacture were plated on 
litmus-lactose agar, litmus-dextrose agar, infusion agar, the milk 

^ Received for publication March 1, 1926. 

^ The assistance of Br. W, C. Frazier throughout the investigation is greatly 
appreciated, as is also that of Mr. K. J. Matheson, at whose su^estion the study 
was undertaken. 


351 



352 


DONALD H. WAEEEN 


powder agar of Ayers and Mndge (5), and a 10 per cent skimmed- 
milk agar. The last two naedia proved the most satisfactory, 
for they produced colonies that were larger and the acid-form- 
ing tj^pes could be more readily differentiated. Dilutions of 
1:1,000,000 and 1:5,000,000 gave the most satisfactory plates. 
All plates were made in duplicate and incubated for three days 
at 26°C. Later anaerobic methods were tried. 

The total titrable acidity and the volatile acidity of the cheese 
were determined. The total titrable acidity was determined by 
titration with an n/10 solution of sodimn hydroxide, using 
phenolphthaiein as an indicator. An aqueous extract of the 
cheese did not prove satisfactory, because, as Barthel (6) has 
demonstrated, the acids arising from the fermentation of the milk 
sugar are mainlj’’ in combination with the lime of the phosphate 
and the paracasein. The determinations were made in duplicate, 
and the figures represent an average. Cheese finely ground in a 
mortar was used for these titrations. 

The volatile fattj' acids present in the cheese were determiaed 
(luantitath'ely by the steam distillation method of Ducleaux 
(7). A 100-gram sample was weighed out and placed in a large 
mortar with 100 cc. of distiUed water. The mass was thoroughly 
ground with a pestle and an additional 200 cc. of distilled water 
placed in the recehung flask, after rinsing all particles from the 
mortar. Five grams of granulated zinc and 2 cc. of concentrated 
sulphuric acid were added to the contents of the boiling flask 
to bring over the volatile acids. The hydrogen liberated by the 
combining of the zinc and sulphuric acid kept the contents fi-om 
violent agitation during the distillation process. Thirty cubic 
centimeters of n/10 sodium hydroxide were placed in the receiving 
flask and the distiQation continued until 1000 cc. of the distillate 
was secured. This volume was titrated with n/10 HCl, using 
phenolphthaiein as an indicator. 

Streptococcus laetis was eliminated as a possible cause of the 
defect since data secured from three cultures over the usual six- 
day period showed that little change in the amounts of volatile 
acid took place, while no defect in flavor could be noted. This 
is in agreement with the results of Hammer (8), Evans (9), 
Leichmann (10), and Orla Jensen (11). 
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Bacteriological examinations of a number of samples of canned 
pimentoes showed that these were sterile. Both the plate method 
and the anaerobic technique were emploj-ed. Since the defect 
could be produced in cheese without the addition of pimentoes, 
these were eliminated as the causative factor of the sharply acid 
and bitter flavor. 

Six lots of cheese were made in the usual manner, and daily 
analyses were run over a six-day period, which represents the 
time during which the marked sharpness and bitterness usually 
appeared. A study of the plates showed that 98 per cent of the 
organisms present during the development of the defect were 
acid formers of the Streptococcus lactis tjqje. A marked increase 
in volatile acidity took place, ranging from 14.7 to 34.9 per cent 
with an average increase of 29.1 per cent. The sharply acid 
flavor developed two or three days before the bitterness occurred. 
It was apparent from th^e experiments that the causative or- 
ganism could not be demonstrated by aerobic methods; therefore, 
anaerobic methods were tried. 

A 1-gram shample of che^e with the sharpness and bitter 
flavor well developed was shaken well in 100 cc. of sterile water. 
Four tubes containing approximately 10 cc. each of dextrose- 
agar were melted in a steamer and quickly cooled to 40°C. One 
cubic centimeter or gram of cheese from the above 1:100 
dilution was added to the first tube of dextrose-agar. In a similar 
manner 1 cc. was transferred from tube 1 to tube 2. This serial 
dilution was carried through four tubes. The work was done in 
duplicate, and the surface of the inoculated media of the first 
set of tubes was covered with melted vaseline. The second set 
was drawn into sections of sterile glass tubing sixteen inches long. 
These were filled to within an inch of each end and allowed to 
solidify after which ail were incubated at 37.5°C. from twenty- 
four to forty-eight hours. 

Examination at the end of twenty-four hours showed the 
characteristic anaerobic gas production, both in the test-tube 
cultures and in those in the glass tubing. This occurred through 
the third tube of the series which contained approximately 
fo o lood gram of che^e. Growth was not apparent in the higher 



TABLE 1 

Cheese made from milk sterilised in the autoclave 
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Lot 3» Clieese inoculated with Anaerobic Culture of Shocked Spores Alone 
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dilutions after 48 hours incubation. The presence of this anae- 
robe was also demonstrated in three market samples having the 
characteristic defect well developed. The increase in the volatile 
acidity coincident with the marked changes in flavor occurring 
in these market samples was in accordance with the results 
secured on the six samples of the laboratory-made cheese. This 
was considered sufficient proof that the cause of the defect oc- 
curring in the laboratory cheese was the same as that of the com- 
mercial product. The anaerobe was isolated and foimd to be 
similar to Clostridiiim butjuicum (B. amylobacter) in its 
characterfetics. 

The sharp bitterness which occurred in the cheese with large 
numbers of the spore-forming anaerobic bacilli present made it 
seem likely that the cause of the defect was this anaerobe. If 
the anaerobic culture isolated from the laboratory-made cheese 
and the commercial samples was the causative factor in the pro- 
duction of the sharp bitter flavor in these cheeses, it should be 
possible to reproduce these changes in specially controlled cheese 
by inoculation with this anaerobic culture. 

Since investigators working with the butyric type of fermenta- 
tion caused by B. amylobacter have shown that a more vigorous 
fermentation occurred when the spores of the organism had been 
"shocked” or subjected to high temperatures, this process was 
also tried in this experiment. 

The milk used for the experiments in table 1 was sterilized in 
the autoclave and divided into three lots. Each of the three 
lots w'as inoculated with 0.6 per cent of a twenty-four-hour culture 
of Streptococcus lactis. To lot 1, which was the control, nothing 
was added. Lot 2 was inoculated -with 0.5 cc. of the “shocked” 
spores of anaerobic organism. This culture of “shocked” spores 
was prepared by heating old cultures of the anaerobe to 85°C. 
for fifteen minutes. Lot 3 was inoculated with 0.5 cc. of the 
uttheated (normal) spore culture of the anaerobe. Every pre- 
caution was taken to avoid contamination throughout the manu- 
facture of the cheese. A microscopic examination of each lot 
was made daily using the Breed technique. 

The data in lot 1, which is the control cheese, showed that the 
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total titrable acidity and volatile acidity were only slightly 
increased. The flavor remained clean and mildly acid throughout 
the entire period. The per cent of increase in volatile acidity was 
4.7. This, together with the negative Roux tubes, the plates, 
and the microscopic examination, is believed to be ample e\i- 
dence that the control cheese had not become contaminated. 

The data in lot 2, which contains the shocked spores of the an- 
aerobe, showed that a marked increase in volatile acidity took 
place. The increase ■was 16 per cent as compared -with an in- 
crease of only 8.8 per cent in lot 3, where the unheated spore 
culture was used. The marked increase in volatile acidity ac- 
companied by a more rapid development of the bitter flavor in 
the cheese having both Streptococcus iactis and the spore cultme 
of the anaerobe is considered strong e'vidence of an associativ^e 
action of these two organisms in the development of the defect. 
The bitterness was noticeable early on the fourth day, and the 
cheese became very bitter by the end of the fifth day. The 
anaerobe was demonstrated in the gram dilution on the 
fifth day. The defect described above appeared more rapidly 
and was more pronounced in the experimental cheese ha'ving the 
“shocked” spore culture of the anaerobe. 

The anaerobic organism used in these experiments is a gram 
positive motile bacillus of medium size. Colonies in deep dex- 
trose-agar tubes are compact with a very definite darker center. 
Litmus milk is rapidly reduced and coagulated, followed by 
abundant gas production. The curd is fragmented and the 
butyric-acid odor is very noticeable. Indol is not formed. 
Nitrates are reduced to nitrites. The organism appears similar 
to Clostridium butjTicum (Bacillus amylobacter) according to 
Bergey’s classification. 


SIJMMABT 

A brief summary of the results of this work is given below: 

1. Streptococcus Iactis was proved not responsible for the 
sharply acid and bitter flavor. 

2. The pimentos were not responsible for the defect. 

3. Aerobic methods failed to disclose the causal organism. 
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4 . Nine samples of sharply acid and bitter cheese were found 
to contain large numbers of spore-forming, gram positive, motile 
anaerobic bacillus which resembles Clostridium butyricum. 

5. The increase in sharply acid and bitter flavor was always 
accompanied by a corresponding increase in volatile acidity. 

6. The characteristic defect was produced experimentally by 
the use of a pure culture of the anaerobic bacillus. 

7. “Shocked” spores of the anaerobic bacillus produced a more 
active fermentation than the unheated spores. 

8. Pasteurization of raw milk is equivalent to this method of 
shocking the spores. 

9. The associative action of the Streptococcus lactis and the 
anaerobic baciUus proved more effective than the anaerobe alone. 

CONCLUSION 

The sharply acid and bitter flavor, commonly found in old 
pimento cheese of the Neufchatel type, is due to the action of an 
organism resembling Clostridium butyricum, which may act in 
association with the Streptococcus lactis of the starter. 
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ELIMINATING THE TOXICITY OF COTTONSEED 

MEAL* 


WILLIS D. GALLUP 

Department of Agricultural Chemical Research, Oklahoma Agricultural Experiment 

Staiion, Stillwater, Oklahoma 

INTRODUCTION 

Studies to determine the cause of deleterious effect arising from 
the feeding of cottonseed meal to certain types of live-stock and 
other animals, have been carried out to such an extent and such 
evidence brought to light on the subject, that we feel quite safe in 
assuming the trouble to lie in the toxic properties of a substance 
isolated from the cotton seed and called gossjT)ol (1, 2). Such an 
assumption is not without criticism however, and it does not 
necessarily follow that wherever injurious effects are encountered 
with the use of cottonseed meal as a feed, the only cause is due 
to gossypoL Yet, the principal cause of the injury, when bal- 
anced rations are being used, is no doubt due to this substance. 

Other substances which have been suggested as productive of 
the symptoms of toxemia and malnutrition have been investigated 
and the results summarized by Macy in this Joxjknal (3). 
Among such substances are the nitrogenous compounds Cholin 
and Betain, the high protein content, the fiber, parasitic or- 
ganisms, decomposition products, oil content, and compounds 
of phosphorus. Other investigators have suggested that the 
trouble is due to a deficient diet (4, 5, 6, 7). Most of our later 
evidence, howev'er, is not in favor of these theories, and the results 
of recent mvestigations carried on to a large extent by Southern 
Experiment Stations tend to prove that gossypol is the main cause 
of the trouble. Unpublished results at this station also point in 
that direction. 

Piiblislied witli permission of tlie Director of Oklahoma Agricultural Experi- 
ment Station. Work on tMs subject was started by Dr. C. T. Dowell at tMs 
institution. Received for publication December 9, 1925, 

^ These animals were obtained without charge from V, G. Heller. 
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We are particularly interested in cottonseed meal as a foodstuff 
for several reasons and feel that too much stress cannot be laid 
on the needs for investigation of its use in feeding different kinds 
of farm animals. Henry and Morrison (8) state, “Since the meal 
is a heavy, highly nitrogenous feed, and is poisonous to fattening 
cattle when fed in excess, the determination of the allowance to be 
fed for the best results is of great importance.” These authors 
go on to say, “It is to be hoped that in time methods may be 
developed of treating cottonseed meal so that it wiU be safe for 
all classes of animals.” Much of the work at this station has 
been conducted along this last line of investigation and we have 
met with very favorable results. 

Not only is cottonseed meal highly nitrogenous but it contains 
protein of such excellent quality that when the meal furnishes 
the sole source of protein in a diet for albino rats, growth and 
reproduction are normal (5). This is a fact not true for many 
feeds. The work of Nevens (9, 10) on the amino acid content and 
nutritional value of cotton seed protein has contributed much to 
our knowledge of this important factor. Nevens found that when 
cottonseed meal furnished the sole source of protein in a ration 
containing 10 per cent crude protein, the utilization of the protein 
for the growth of albino rats was 66 per cent. In a similar way 
he found the utilization of the protein of alfalfa to be 62 per cent 
and that of corn 49 per cent. His investigation was carried out 
by first studying the endogenous metabolism of the experimental 
animals during a metabolism period in which a nitrogen-free 
ration was fed and then followed by six such metabolism periods 
in which the proteins of these feeds were compared. 

The digestibility of the protein from cotton seed as foimd by 
other investigators (11, 12, 13, 14) is not in close agreement but 
probably lies between 80 and 85 per cent. Bather (13) finds this 
value to the 78.6 per cent which is about the same as that for the 
protein of legumes, but less than the value as found for cereals 
and meat. Since the isolated cottonseed globulin, even when 
fed in small quantities (16) has been shown to be able to support 
normal growth, Jones and Waterman (14) believe that the isolated 
protein is more digestible than the protein in combination with 
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other substances in cotton seed and conclude that the lower 
digestibility is due in part at least to the presence of gossypol. 
The digestibility of cottonseed meal in which the gossypol has 
been removed or destroyed would be well worth studying. 

As a result of the foregoing mvestigations together with many 
practical experiments on the feeding value of cottonseed meal it 
seems desirable that we learn more concerning its use in large 
quantities without deleterious results to the animals fed. The 
most important facts with which the feeder is concerned are, that 
the meal contains a high per cent of protein which is of excellent 
quality and quite digestible, that the price of the meal is com- 
paratively low, and that the manurial value is exceptionally 
high. Its toxicity, however, is a drawback to its extensive use. 

Macy (3) (1921) states, “Many attempts have been made to 
render cottonseed meal non-toxic, but none have been successful 
for all species alike.” Among the attempts are those of Edgerton 
and Morris (16) who subjected the meal to various treatments 
such as digestion in hot water, 95 per cent alcohol, and ether; 
fermentation, heating with hot air, over oil, and autoclaving the 
meal in both a dry and wet condition. All their experimental 
animals (guinea pigs) either lost weight or died. Withers and 
Ray (17) were able to reduce the toxicity of the meal by boiling 
it with alcoholic sodium hydroxide for two hours. Later, iron 
salts were suggested as an antidote and Withers and Carruth (18) 
found that when iron and copper salts were fed with the meal, 
pigs made better gains. Osborne and Mendel (15) who fed cotton 
seeds previously steamed for various lengths of time and then 
dried were unable to draw any definite conclusions to the benefit 
of such treatment. The latest work has been done by Dowell 
and Menaul (19) who show that autoclaving the wet meal at 15 
pounds pressure for twenty minutes destro 3 ^ the poison peculiar 
to it and makes a safe feed for young pigs. 

Recent investigations have been carried out principally along 
two lines. One of th^e is based on the theory that the injury is 
due to a deficient diet, while the other has for its foundation, the 
eolation of the toxic gossypol. Many feeders believe that the 
conditions under which animals are kept when being fed on cot- 
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tonseed meal have much to do with the results of such feeding 
and when the animals are on pasture they are able to consume 
much larger amounts of meal without bad effects. Also that 
silage makes an exceptionally good supplement. These things 
might w’eil be true, and it is barely possible that the supplement 
used may be of such a nature that it inhibits the effect of gossypol 
or possibly combines with it to form an insoluble compound or 
destroys it altogether. Such possibilities must be kept in mind 
when considering the real cause of cotton seed injury. It is 
more probable that certain supplements have a specific effect 
on the gossj’pol than that they make up for a deficiency which 
would otherwise result in injury to the growth of the animal. 
Iron salts have been proven to be beneficial to the health of pi^ 
recehdng cottonseed meal and since we know that gossj^pol forms 
an insoluble compound with iron we might well believe that theu 
corrective effect is due in part to their combination with gossypol 
in the meal. What effect silage and the compounds contained 
therein might have upon gossypol is well worth investigating. 
The value of pasture and source of roughage fed with the meal is 
subject to diverse opinions. 

The dairy industiy is particularly interested in cottonseed meal 
since it constitutes one of the principal sources of protein and any 
condition which may increase the food value of this substance will 
be of direct interest to it. Moore (20) reports that for cows as 
much as 5 pounds per head daily* is injurious if fed for any length 
of time and that it causes difficult breathing and inflammation 
of the udder, while for calves it has been reported that as much 
as I to I pound per head daily is fatal (21). Calves and swine 
are especially susceptible to the effect of cottonseed meal feeding 
while sheep, as found by Dowell and Menaul (19) show no signs 
of ill effects even after being fed 1 pound of the meal daily for a 
period of ninety day*s. The dairy herd at this station is receiving 
a ration w’hich contains about 10 per cent cottonseed meal and 
when this amount is increased, silage is usually fed as a 
supplement. 

Recent reports at the North Carolina Station (22) show that 
calcium carbonate, butter fat, cod liver oil, yeast and other sup- 
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plements have a corrective effect when excessive quantities of 
cottonseed meal are fed to cows and heifers. Our own results, 
which were obtained by feeding albino rats a ration in which 
calcium carbonate, butter fat, and yeast supplemented the 
cotton seed, are not in harmony with theirs and are reported 
later in this paper. However, the methods of conducting the two 
experiments have probably been so diverse that the two results 
are hardly comparable. 

The following investigations were undertaken for two principal 
reasons. First, to continue to work of Dowell and Menaul on 
the effect of autoclaving upon the toxicity of cottonseed meal 
and, second, to find out what effect certain supplements might 
have when large amounts of cotton seeds are fed. In doing this 
young pigs and albino rats were used as experimental animals. 
Although albino rats are not as susceptible to the effects of cotton- 
seed meal as are guinea pigs, we were better equipped to care for 
rats and found that they responded quite readily to the effects 
of the cotton seed diets used. The results obtained by feeding 
young pigs are probably the same as might be expected in feeding 
calves similar rations and thus allow for somewhat general con- 
clusions. According to Henry and Morrison (8) (1923), “No 
uniformly successful method of feeding cottonseed meal to swine 
has yet been found.” 

EXPERIMENT A 

Twelve young pigs were divided into 4 lots of 3 each, using 
one lot for a control, and the other three for studying the effect 
of feeding commercial cold pressed cottonseed meal as it is 
brought on the market and the same meal autoclaved and 
steamed. All the pigs were ionoculated against cholera and 
scrubbed with cresote to rid them of lice before the actual experi- 
ment began. One of the pigs in the pen. receiving the autoclaved 
meal became sick shortly after the experiment began and was 
replaced by a pig from the control pen. The death of the animal, 
wHch occurred sometime later could not have been due to cotton 
seed injury since the feeding had only progr^ed a few days 
previous to the animal's sickness. The pi^ were weighed at the 
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beginning and at the end of the experiment which lasted seventy- 
five days. 

The autoclaved meal w'as prepared by dampening the commer- 
cial meal and autoclaving it at 20 pounds pressure for one hour. 
The time of autocla^’ing was somewhat longer than that used by 
other investigators (19) but by so prolonging the time the meal 
became more thoroughly cooked. The thoroughness of cooking 
was determined by the odor and color of the meal. The auto- 
claved meal when removed from the autoclave has a brown 
color throughout and a pleasant cooked odor. WTien this cooking 
treatment is not complete the center of the mass becomes only 
slightly brown and that portion of the meal retains its toxic 
projierties. The steamed meal was prepared by passing steam 
directly into the meal contained in a large tm container with a 
false bottom. Holes were punched in the bottom of the con- 
tainer and it was packed with excelsior around the sides into a 
half barrel. A tap was fitted in the bottom of the barrel to allow 
the excess water formed by the condensed steam, to escape. The 
temperature was kept close to 100°C. Much of the steam con- 
densed during the process which lasted for about one hour and 
the meal, although very wet when removed, was thoroughly 
cooked throughout. 

The rations for the pigs receiving the cottonseed meal were 
made up of corn chop 3.3 poimds, cottonseed meal 1.2 pounds, 
and alfalfa. During the last month of feeding part of the corn 
chop was replaced with wheat bran but during the entire experi- 
ment the amount of cottonseed meal fed daily constituted ap- 
proximately 1.3 per cent of the body wei^t of the animal. The 
amoimt of feed %vas thus increased proportionally as the pigs grew. 

The control pen contained only two pigs receiving a ration com- 
posed of corn chops 3 pounds, tankage 0.5 poimd, and alfalfa. 
These pigs did not appear as strong or eat as well as the others. 

The pigs receiving the steamed and autoclaved meal were in 
the best condition throughout the experiment and always ate 
all of their feed. The pigs receiving the untreated meal ate 
sparingly, picking out the corn as much as possible from the meal, 
and often lea\dng considerable feed. By occasionally ma,king a 
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slop of the uneaten residue with the next day’s feed this condition 
was remedied. 

The r^ults of the experiment are shown in table 1 which gives 
the weights of the pi^ in poxmds, the form in which the cotton- 
seed meal was fed to each lot, and the gains made. 


TABLE 1 

Growth of pigs on cottonseed meal rations 


WUMBIB OF PIG 

OBIGIWAI, 

WEIGHT 

FIKAL WEIGHT 


Lot I 

1 

25 

34 

UntTeated cottonseed meal 

2 

25 

35 

Total gain : 40 pounds 

3 

39 

60 

Gain per pig : 13 pounds 

Total 

89 

129 


Lot II 

1 

a3 

53 

Autoclaved cottonseed meal 

2 

23.5 

61 

Total gain: 66 pounds 

3 

37.5 

56 

Gain per pig: 22 pounds 

Total 

94 

160 


Lot III 

1 

1 1 

26.5 

40 

Steamed cottonseed meal 

2 

39 I 

74 

Total gain: 77 pounds 

3 

31.5 

m 

Gain per pig: 26 pounds 


97 

174 


Lot IV 

1 

20 

33 

No cottonseed meal 

2 

IS 

35 

Total gain: 30 pounds 

Total....... 

38 

68 

Gain per pig: 15 pounds 


Althou^ the pigs receiving the steamed cottonseed meal made 
the largest gains, none of the pigs increased in weight as rapidly 
ss might be expected. This was probably due to the amount of 
bulk in the ration since cold pressed meal contains a large amount 
of crude fiber and does not therefore make as suitable a feed for 
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pigs as the hot pressed meal. The pigs which were in the poorest 
condition were used in the control pen in order that those receiv- 
ing the cotton seed meal rations might be of about equal size and 
weight. The difference in the gains made by the control pigs 
and those recemng the cottonseed meal, therefore, cannot be 
used for compariag the two rations and further work would need 
to be done to obtain the feeding value of cooked cottonseed meal 
as compared to other concentrates. 

EXPERIMENT B 

In order to continue this work with animals which require a 
smaller amount of food and permit the use of purified forms, 
albino rats were used for experimental animals.^ It had pre- 
viously been found (15) that rats recemng in their diet cotton- 
seed kernels which had been steamed from one to six hours grew 
better than those receiving the untreated kernels. However, 
even after steaming for one hour, the kernels proved to be still 
toxic and the rats thus fed lost weight. Furthermore, the rats 
which were fed kernels steamed for six hours made smaller gains 
than those fed the kernels steamed for two and four hours. It 
would seem from this that one hour of steaming was not suffi- 
ciently long to bring about the changes in the meal desirable to 
produce a safe feed, whereas six hours of steaming were too long. 
If the improvement of the kernels as produced by steaming is 
due to the destruction of the gossypol, then the above results 
would be expected to be more uniform. 

Keeping in mind the possibility of feeding cottonseed products 
in a well supplemented diet without producing injurious effects, 
the rations shown in table 2 were made up and fed. 

The cotton seeds which were obtained from the agronomy de- 
partment were delmted with sulphuric acid and fed in the ration 
without removing the hulls. When used in rations II and III 
they were soaked about four hours previous to autoclaving. 
Such treatment softened the hulls and allowed the seeds to soak 
up considerable water such that when they were subsequently 
autoclaved, the steam was able to penetrate the kernel. Al- 
though the seeds w’ere not autoclaved in such large quantises 
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as was the meal in previous work, yet this method of destrojing 
the goss^iioi appeared to be more thorough and there was prac- 
tically no loss of oil or other constituents. The cotton seeds 
used in ration IV were first- extracted with ethji ether which 
removes both the gossipoi and oil. Cormnereial cottonseed oil 
was then added to the ration. Distilled water containing a trace 
of KI was supplied for drinking. 

The result of this feeding which extended over a period of nine 
weeks is shown in table 3. 


TABLE 2 

€oUo)i seed ratiom for rats 



I 

II 

III 

Wheat 

per cent 

50 

per cent 

50 

pw cent 

50 

Cottonseeds, untreated ; 

35 

Cotton seeds, autoclaved at 20 pounds for 
one hour * I 

35 


Cotton seeds, autoclaved at 20 pounds for 
two hours 


35 

Cotton seeds, extracted 



Butter 

6 

6 

6 

Agar agar 

3 

3 

3 

Yeast 

5 

5 

5 

CaCOa 

1 

1 

1 

Cotton seed oil 








All the animals receding the uncooked cotton seeds were in 
poor conditions durkig the latter part of the experiment and died 
within a short time after the experiment ended. The other 
an imals made about normal gains and grew to be healthy strong 
rats producmg normal young. Death in all four cases was pro- 
longed, the rats having made no consistent gains after the first 
three weeks but usually lost wei^t thereafter. Although acute 
cases of poisoning have been noted, it usually takes this slower 
form which makes recovery possible providing the symptoms are 
recognized and changes made in the diet. 

From these results it is clear that autoclaving the cotton seeds 
as d^cribed is beneficial and allows them to be used in large 
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quantities ia a ration which is supplemented with the necessary 
minerals and vitamines to produce normal growth. Autoclaving 
for two hours does not seem to have any advantage over the one 
hour treatment. 

Since some investigators claim that the feeding of cottonseed 
meal produces no injurious effects upon albino rats and that the 
ether extracted meal has no advantage over the ordinary meal 
(5), it seemed desirable to find out if the steamed meal has any 
advantage over the ordinary meal. '\\Tien working with the 
mealj other factors enter in which cannot be disregarded as is 
done when feeding the cotton seeds. The most important factor 


TABLE 3 

Growth of rats on cotton seed rations 



L’NTBEATBD 

AirrOCLAVBD ONE 
HOUR 

AUTOCLA%’'KD 
TWO HOURS 

EXTRACTED 

TOm& OF COTTONSEED 


Ration I 


Kation II 


Ration III 

Ration IV 

'b 

1 

cu- 

es 

•b 

CO 

o 

b 

US 

1 

b 

o 

a 

X 

b 

« 

b 

00 

b 

0:1 

->=> 

S3 

Of 

0 

4A 

S8 

« 

0 

b 

58 

b 

«o 

1 

b 

1 

Originai weight, 















grams 

71 

66 

88 

82 

99 

86 

85 

92 

106 

85’ 

92 

92 

92 

95 

Final weight, 















grams 

79 

67 

85 

67 

173 

147 

137 

146 

205 

135 I 

126 

1^ 

168 

160 

Gain or loss, 
grams 

i 

4-8: 

4-1 

-3 

“15 

+74 

1 

+61 

+52 

+54j 

t+99 

+50' 

+34 

+48 

+76 

+65 


is the destruction of the gossypol or its conversion into a less 
soluble compound during the heating process previous to pressing 
out the oil. At the oil miU, the decorticated seeds before the oil 
is pressed out, are heated (for about thirty minutes at a tem- 
perature of about 100°C.), in steam-jacketed drums but are not 
subjected to the direct action of the steam. The oil is then 
pressed out of this hot mass, taking with it much of the gossypol. 
The remaining cake is broken up or ground and sold as “hot 
pressed” meal. During this preliminary heating some of the 
gossypol is undoubtedly destroyed but the amount must be very 
small and will vary with the process. A considerable amoimt of 
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the gossji)ol, however, may be altered such that it is l^s soluble 
in the oil and therefore retained in the meal. If this less soluble 
form is as toxic as the original form then we would expect to find 
the resulting meal almost as toxic as the seeds. Since this is not 
true, it is then supposed that the gosssTiol is rendered less toxic 
at the same time that it is conwrted into a less soluble compound 
and the completeness of this reaction will depend upon the con- 
ditions which prevail during the preparation of the meal. Some 
manufacturers heat the seeds for a much longer time than thirty 
minutes and in many cases the pressure of the steam surrounding 
the drums ranges from 30 pounds upward. Since the moisture 
content of the seeds is also quite variable and seems to influence 
the destruction of gossypol, methods by which the meal is pro- 
duced will vary from one mill to another. Due to these con- 
ditions, no two samples of cottonseed meal as bought may be 
alike in their toxicity and it is due to this condition that cotton 
seed meal is sometimes reported as nontoxic to rats. 

To determine the advantage of steaming the meal before feed- 
bag to rats, the rations given in table 4 were made up and fed to 
three groups of rats for a period of seven weeks. 

The cottonseed meal used was purchased on the open market 
and when used in ration XVII was steamed as previously de- 
scribed in experiment A. 

The rates of growth are shown in table 5. 

As in the case wdiere autoclaved cotton seeds were used, the 
steamed meal has a marked advantage over the ordinary meal 
and may be fed in much larger amounts. The use of only 25 per 
cent cottonseed meal did not appear to be toxic to the rats during 
the seven weeks of feeding and it is possible that, that amount of 
the meal can be fed to rats for a longer period of time without 
retarding their growth. However, by increasing this amount 10 
per cent, slow growth and poor condition are noticeable in a short 
time. 

Such a condition as this often arises in stock feeding when there 
is a certain limit beyond which the amount of cottonseed meal 
m the ration cannot be increased with safety. This difficulty 
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may be overcome without changing the other constituents of 
the ration by steaming the meal pre^^ous to its use. 

Further proof of the advisability of such treatment and the 
increased nutritive value of the cotton seed is shown in the growth 
made by a group of rats fed solely on autoclaved cotton seeds and 


TABLE 4 

Cottonseed meal rations for rats 



XTII 

XVIII 

XIX 

Wheat 

per cent 

58 

per cent 

58 

percent 

69 

Colrtonseed meal steamed one hour 

35 

Cottonseed meal untreated 

So 

25 

Butterfat 

5 

5 

o 

CaCOs 

1 

1 

1 

FaCi 

1 

1 

1 






TABLE 5 

Growth of rats on cottonseed meal rations 



STEAMED ONE HOTJS 


UNTBEATED 

ITN- 

TREATBD 

POEM OP COTTONSIEO MEAL 

Hation XVII 

Ration XVIII 

Ration 

XIX 


o 

oo 

(s; 

•h 

■*» 

<s 

p? 

«o 

.4^ 

1 

b 

oo 

’<#1 

93 

p? 

Of 

o 

Of 

S 

Of 

& 

Of 

Oi 

to 

"S 

P4 

Original weight, grams 

28 

28 

29 

35 

m 

36 

28 

28 

28 

28 

Final weight, grams 

102 

121 

115 

158 

80 

m 

27’*= 

31t 

100 

110 

Gain or loss, grams 

+74 

4-93 

+86 

+123 

+40 

+44 

-1 

+3 

+72 

+82 


* Rat 4^ 9 died after five weeks feeding, 
t Rat 50 $ died after three weeks feeding. 


a 2 per cent salt mixture composed of equal parts of NaCl and 
CaCOs. Their growth is shown in table 6. 

Rats 29 cf and 30 c? both made small gains until the time of 
their death which occurred before the experiment ended. Rats 
27 9 and 28 cf gained slowly dmhig the first eleven weeks of 
feeding and then declined in weight imtil Jxme 26 when 5 per cent 
butter fat was incorporated in the ration. From then imtil the 
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experiment ended thej' made fair gains. Siaailarly rat 30A <J- 
winch replaced rat 30 6' gained during the first four weeks and 
then lost weight until the butter fat was added. The slow growth 
of all the animals and the death of two of them were due in a large 
degree to the lack of the fat soluble \itainine. The results are 
quite satishing, however, when the imbalanced nature of the 
ration and the toxicity of the raw seeds are considered. 

WVBLE 6 

Growth of rats on cotton seeds and salt mixture 


■WEIGHT 



Rat 27 9 

Rat 2a o’ 

Rat 29 d 

Bat 30 d 

RatSOA.d’ 

February 21 , . ....... 

grams 

49 

grams 

57 

grams ! 

57 

75 

grams 

78 

grams 

April 16 

71 

71 

85 


May 20 

76 

S5 

92 

(Died) 

78 

June 26 

62 

WM 

(Died) 
(Butter h 

it added) 

78 

August 1 

92 

IB 

100 




Gain 

■a 

4-56 

4"35 

+7 

4-22 



Th^e results lead us to believe that the untreated cottonseed 
meal k quite toxic when fed in too large quantities or when fed 
to yoimg animals. Yet by proper treatment, it may be prepared 
so that it becomes an excellent source of protein for supplementing 
protein deficient rations. 


CONCLUSIONS 

1. Cottonseed meal can be made a safe feed for swine, and 
probably other livestock as well, by autoclaving or steaming the 
meal until it is thoroughly cooked. 

2. Such treatment renders the meal more palatable and in so 
doing raises its value as a feed. 

3. A deficiency in the ration cannot account for the difference 
in the gains made by pigs receiving the untreated cottonseed meal 
and those recehdng the cooked meal, 

4. Supplements such as CaCO*, y^ist, and butterfat when 
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used to produce a balanced diet do not overcome the toxic effect 
of either the cotton seeds or the meal when fed to albino rats. 

5. Animals may make small gains extending over a considerable 
length of time on rations containing a limited amoimt of cotton- 
seed meal — above that limit they lose weight and usually die if 
the feeding is continued. 

6. Cooking the meal increases the amoimt which may be safely 
fed over any period of time. 

In conclusion the author expresses his thanks to P. L. Menaul 
for many helpful suggestions during the progress of this work. 
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ENERGY REQUIREMENTS OF DAIRY COVS 
A REPLY TO ARTICLES BY E. B. MEIGS AXD H. T. CONTERSE 


E. B. FORBES 

From the Institute of Animal Nulrition of the Pennsylvania State College 

In this Journal for May, 1925, appeared an article by E. B. 
Aleigs and H. T. Converse, on the Quantities of Nutritive Energy 
Necessary to IMaintain Dairy Cows in Nutritive Equilibrium, 
in which the authors presented a critical comparison of the feeding 
standards for maintenance of dairy cows, as proposed by Henry 
and Morrison, by Eckles, and by Armsbj^; and also a comparison 
of digestible nutrients and net energy, as measures of the nutritive 
value of feeds; and in the November, 1925, number of this 
Journal appeared a second article, by E. B. IMeigs, on the energy 
requirements of dairy cows, under the title. Is Net Energy or 
Metabolizable Energy the More Useful Index for Practical 
Purposes. 

Referring first to the second article, this consists of a criticism 
of the respiration experiments of Kellner and Armsby — the two 
preeminent scholars in the field of energy metabolism of farm 
animals. In discussing Armsby’s work, however. Dr. Meigs 
bases his criticisms and conclusions mainly on items selected 
from his earlier, pioneer studies which are no longer fairly rep- 
resentative of the work of this Institute. All of this older work 
has been recalculated and revised in the hght of recent advance 
in methods and understanding. 

Since Armsby’s death this Institute continues its program of 
measurement of the nutritive values of feeds, in terms of energy, 
adhering to the fimdamental conceptions advanced by Armsby, 
and employing the most elaborate methods of research in use 
anjTvhere in the world. It stands committed to no particular 
figures for nutritive value, or nutritive requirements. The 
published figures for nutritive values and requirements may have 
to be revised again &nd again before the best possible results are 
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finally obtained; but we are committed to the principle of deter- 
mining the nutritive value of feeds, in terms of energy, by the sub- 
traction from their gross energy (fuel value) the total of the loses 
and expenses of feed utilization (likewise, of course, in terms of 
energy), the results constituting their net energy values. 

During recent years— even during recent months — we have 
made important progress in methods of work, and in spite of an 
apparently satisfactory grasp of our subject it is not unlikely 
that we have further important progress in methods still to make. 
We do not claim, therefore, to have obtained final results, but we 
do claim that we are investigating the energy value of animal 
feeds in the most scientific method thus far devised, and we invite 
the interest and support of those whom we are seeking to serve, 
with perfect confidence in the successful outcome of these studies 
of net energy values and requirements. 

As for the practical significance of the results, with the ob- 
viously necessary allowances for the differences between the 
standard conditions of scientific study and the varying conditions 
of scientifically uncontrolled practice, such as are necessary in the 
application of all exact knowdedge, net energy values certainly do 
apply in practical animal production. 

Referring now to the first article — in the experiment by Dr. 
Meigs upon which this article is based there appear not to have 
been even so much as feed analyses, to say nothing of digestion 
trials — in other words, all of his data for nutritive values and 
requirements appear to have been computed, or assumed. There 
are, therefore, in reahty, no experimental results to discuss except 
weights of cows and weights of feeds, which, of course, unsupported 
by other data, are not competent in relation to fxmdamental 
nutritive considerations. 

We must insist, therefore, that the conclusions, in terms of 
digestible nutrients, and net energy, are not in any way war- 
ranted by the data presented. 

On page 178 of the Journal for May, 1925, Meigs and Con- 
verse say, “Armsby bases his standard on an experiment of Kell- 
ner in which the complete energy balance was determined for a 
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miUcing cow (1, p. 493-600, 511-516).” (These page numbers 
refer to Armsby’s book The Nutrition of Farm Animals.’) 

In a footnote on the same page IMeigs and Converse say, 
“Although Armsby considers the results obtained by Kellner with 
three cows, he bases his standard on the performance of the most 
economical of the three, rather than on the average.” 

This gives the impression, clearly, that Armsby considered no 
experiments other than KeUner’s, and that he based his standard 
upon absurdly slight and improperly selected evidence. 

Armsby explains wdth great particularity, in the pages cited by 
Meigs and Converse, the evidence and considerations upon which 
his standard for mUk production was based. 

This standard was derived (1) by allowing for maintenance the 
same amount of energy as for other cattle, and then (2) by com- 
puting from Haecker’s analyses of milk (par. 604) the equivalents 
of net energy for fatteniag, plus 5 per cent, for the production of 
milk of the different grades as to fat content, in the hght of the 
following assumptions (a) that digestible carbohydrate and 
protein in the feed are converted into the corre^onding eom- 
poimds of milk without loss, and (b) that the expenditure of 
energj^ in the production of milk fat from carbohydrates is the 
same as that observed by Kellner for the production of body fat 
(par. 593). 

The evidence which Armsby considered and which he discussed 
as contributing to the estabUshment of this standard is, in the 
main, as indicated below; 

1. The standard for maintenance was adopted in consideration 
of results of Armsby and Fries, KeUner, Haecker, Eward, and 
Eckles (par. 381). 

2. Conclusions as to utilization of feed protein m the synthesis 
of milk protein were based on results of experiments by Jordan, 
Hayward, KeUner, Hart and Humphrey, Haecker, and Eoyal 
Vet. and Agr. High School, Laboratory for Agricultural Eesearch 
(Copenhagen) (par. 586).. 

3. In relation to the requirement of protein in the ration 

* Armsby, H. P. 1917 The Nutrition of Farm Animals, 743 p., illus.. New 
York. 
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Armsby also considered the effects of the plane of protein intake 
on the prodnction of milk, as indicated by the results and com 
elusions of Jordan, and Morgen (par. 599), Wolff and Lehmann, 
Well, and Phelps (par. 601), and Haecker (par. 602). 

4. Conclusions relating to the utilization of energy for milk 
production were based on three complete energy balances by Kell- 
ner (par. 589), four partial balances by Jordan (par. 590), and 
also a consideration of Haecker’s nine years’ results of feed, 
computed digestible nutrients, live weight, and milk production, 
with the ^linnesota Station herd of cows (par. 590). 

5. The addition of 5 per cent to the equivalent energy for 
fattening, for each grade of milk, rests upon Eckles’s finding 
(par. 722) that vdth w*ell-fed cows the digestion coefficients were, 
on the average, 5 per cent lower than those which have been used 
in computing net energy values. 

In spite of the very careful study upon which this standard was 
based Armsby regarded it as only tentative, as is shown by his 
own comment, as follows: 

By this device of reducing the total energy content of the milk to the 
equivalent amount of net energy for fattening, it appears possible to 
utilize the net energy values of feeds obtained by Kellner and others in 
maintenance or fattening experiments as a basis for computing rations 
for milk. Such a method is, of course, provisional, and the basis for it 
at present is somewhat slender, but it seems the best one now available. 

Kellner’s energy balances with three cows, were used by 
Armsby, along with much other evidence, as indicating the higher 
utilization of energy for milk production than for fattening, and 
as confirmatory of the hypothesis in accord with which he ex- 
plains the higher net energy values of feeds for milk production 
than for fattening. 

These energy balances of Kellner, therefore, were contributory 
only in an indirect and general manner, and do not enter at all 
into the computation of Armsby’s standard. 

The energy requirements for milk production, according to 
Armsby’s standard, are expi’essed not in terms of percentages of 
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utilization of metabolizable energy but in terms of net energy 
equivalents for fattening; and this standard calls for much more 
net energy (for fattening) per 100 calories of milk energy than the 
amounts indicated by the results of Kelhier’s experiment. This is 
clearly shown by a comparison of the data in tables 1 and 2. 


TABLE 1 

Energy equivalents for fattening per 100 calories of milk energy as indicated by the 
results of Kellner^ s experiments 



NET ENEEQY POR 
FATTENING PER 
100 CALORIES OP 
METABOLIZABLE 
ENERGY 

MILK ENERGY PER 
100 CALORIES OP 
METABOLIZABLE 
ENERGY 

EQUIVALENTS OP 
NET ENERGY FOR 
FATTENING PER 100 
CALORIES OF 
MILK ENERGY 


calories 

calories 

calories 

Cow A 

48.02 

68.41 

70.2 

Cow C 

46.35 

72.80 

63.7 

Cow E 

43.81 

66.91 

65.5 


TABLE 2 

Energy equivalents for fattening for different grades of milk according to 
Armshy^s standard 


GRADE OP MILK 

ENERGY content 

PER POUND 

EQUIVALENT NET 
JENERGY FOE FATTENING 
PER POUND 

EQUIVALENTS OP NET 
ENERGY B’OR FATTENING 
PER 100 CALORIES OP 
MILK ENERGY 

per cent fat 

calories 

calories 

calories 

3.0 

278 

214 

77,0 

4,0 

336 

265 

78.9 

5.0 

390 

315 

80.8 

6.0 

440 

361 

82.1 

7.0 

492 

408 

82.9 


All figures except the last column in both tables are quoted 
from pages (494, 495, 511 and 513) of Armsby’s book which are 
included ia the citation by Dr. Meigs. 

The results obtained with Kellner’s most efiicient'cow (cow C) 
show a net energy equivalent for fattening as low as 68.7 calories 
per 100 calories of milk energy, while according to Armsby’s 
standard the net energy equivalents for fattening, per 100 calories 
of milk energy, range from 77.0 calories to 82.9 calories for the 
different grades of milk, as indicated in table 2. 
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Thus, in the Kght of Armsby’s own explanation of how he ar- 
rived at his conclusions the following statements of Meigs and 
Converse are clearly erroneous. “Armsby bases his standard 
on an experiment of Kellner in which the complete energy balance 

was determined for a milk cow ” “Although Armsby 

considers the results obtained by Kellner with three cows, he 
bases his standard on the performance of the most economical 
of the three, rather than on the average.” 



VITAMIN STUDIES 


XIII. VITAMIN B IN EVAPORATED MILKS MADE BY VACUUM 
AND AERATION PROCESSES^ 

R. ADAMS BUTCHER and EMMA FRANCIS 
Department of Agricultural and Biological Chemistry 

AND 

W. B. COMBS 

Department of Dairy Husbandry , Pennsylvania State College 

The investigational work described in this paper is the first of 
a series of cooperative studies being made at the Agricultural 
Experiment Station of the Pennsylvania State College on evap- 
orated milks. This work is a continuation of a larger project 
concerning the various factors influencing the vitamin content of 
milk and dairy products. Former work has dealt with dietary 
factors (1) (2), heat and pasteurization (3), oxidation (3) (4), and 
commercial drjdng by the spray process (5). 

In the past practically aU of the data available, relative to the 
vitamin content of evaporated milks, have been obtained on 
samples the past history of which has not been known. Further- 
more, few attempts have been made to compare the evaporated 
milks with the raw milks from which they were made. As a 
result few authoritative data have been obtained concerning the 
influence of commercial evaporation processes on the stability 
of the various vitamins. 

The present studies were undertaken with the view of preparing 
evaporated milks under conditions approximating, as closely as 
possible, the conditions used in commercial practice and compar- 
ing these products with the original milk from which they were 
made, to eliminate the effect of any fluctuation in vitamin content 
that may take place in raw milk obtained from various sources 
and at different seasons of the year. 

’*■* Technical Paper No. 407 of the Agricultural Experiment Station. Pub- 
lished as Contribution No. 22, Department of Agricultural and Biological Chem- 
istry, and Contribution No, 12, Department of Dairy Husbandry. Received 
for publication February 25, 1926. 
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THE EVAPORATED MILKS 

The raw roilk, from which the evaporated milks were made, 
was obtained, daily, from the college herd and was fed to the 
experimental animals within a few hours after the morning milk- 
ing, although a portion of the raw milk represented the milking 
of the pre\dous evening. 

Two tj^es of evaporated milk were prepared, the first being 
manufactured by the vacuum process in a Rogers 18-inch copper 
vacuum pan and the other by the aeration method, passing a 
current of air through the hot milk. The object in using the 
methods just described was to determine, if possible, the sus- 
ceptibihty of vitamins to oxidation during the evaporation proc- 
ess. We also desired to study the effect of subsequent steriliza- 
tion, for sterilization plays an important r61e in the manufacture 
of commercial evaporated milks. At this point it is well to 
emphasize the fact that the writers do not claim to have dupli- 
cated commercial methods of manufacture but the attempt has 
been made to approximate commercial conditions as closely as 
possible. 

EVAPORATED MILK MADE BY THE VACUUM PROCESS 

WMle the raw milk was fed daily to the experimental anim.als, 
it was impossible to manufacture daily ‘'batches” of evaporated 
milks. As a result the evaporated milks used in this study were 
manufactured every three weeks. 

Prior to the evaporation process, milks from the evening and 
morning miUdng were mixed thoroughly and samples were taken 
for analysis. These samples were analyzed for titratable acidity, 
total solids and fat. The specific gravity was recorded also. 

In the case of milks made by the vacuum process, the raw milk 
was pre-heated in the hot-well until the temperature reached 
200° to 210°F., after which it was drawn into the vacuum pan. 
The temperature in the pan ranged from 125° to 135°P., averag- 
ing about 130°F. The average vacuum obtained was about 23 
inches. Unfortunately the available supply of raw milk was 
occasionally limited, with the result that the charges in the pan 
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were not constant in volume; as a consequence, the time of evapo- 
ration varied from forty-five minutes to one hour and fifteen 
minutes. 

l^Tien the millc in the pan had reached a concentration of 7° 
to 9° Beaum6 at 120°F., it was homogenized at 1800 to 2000 
pounds pressure. Specific gravity, solids and fat were determined 
on the homogenized evaporated product after which one half of 
the evaporated milk was placed in sterilized bottles, of 250 cc. 
capacity, and these bottles were placed on ice until needed. Each 
bottle usually contained sufficient milk for one day’s feeding. 

The other half of the evaporated milk was also placed in similar 
bottles, plugged with cotton and sterilized at 240°F. for ten 
minutes and at 225°F. for five minutes, using a laboratory auto- 
clave. These bottles were also placed on ice until needed for 
feeding purposes. 

By the use of the analytical data, described above, it was pos- 
sible to dilute the evaporated milk samples with distilled water 
until the diluted milks contained solids and fat equal to that of 
the raw milk from which they were made. Ail evaporated milks 
were fed daily in the diluted state in direct comparison with 
fresh raw herd milk. 

EVAPOEATED MILK MADE BT THE AERATION METHOD 

During the early part of the investigational work the aerated 
evaporated milks were made in a Ruff evaporator of the com- 
mercial type, consisting of a heated revolving drum which was 
partly immersed in the milk. Air was driven through the heated 
milk by means of blower pipes. The experimental milk, used in 
this study, was produced by the college dairy herd that furnished 
the local market with certified and grade A milk. As a result 
there were periods when the amoimt of milk available for evapo- 
ration purposes was so limited that the quantity of milk was 
insufficient to immerse the heated drum. For this reason the use 
of the Ruff evaporator was abandoned and air pipes were con- 
nected with a glass lined pasteurization tank of small capacity 
and the subsequent aerated evaporated milks were made by this 
method, heating the milk by means of steam. 
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The hot-well temperatures were maintained at 145°F . and the 
condensing temperatures ranged from 130° to 155°F . On account 
of the varying quantities of fresh milk, the time of condensing 
varied from forty-five minutes to one hour and fifteen minutes. 

From this point the evaporated milks made by the aeration 
methods were treated the same as those made by the vacuum 
process; i.e., homogenized and a portion sterilized by the frac- 
tional sterilization method. 

During the entire period the college herd was confined to the 
barn and yard, without pasture, and received a ration relatively 
constant in composition with the exception that some green hay 
was fed during two months in the faU. The ingredients of the 
ration, expressed in parts per 100, were as follows: 


Per cent 


Wheat bran. 12 

Barley 12 

Oats 8 

Hominy 24 

Cotton seed meal 12 

Linseed meal 16 

Peanut meal 16 


Some minor modifications were made in the proportions of the 
above ingredients during the latter part of 1924. During the 
entire period mixed hay and silage were fed, as roughage, with 
exception of the two months mentioned above, when green hay 
was fed. 

It will be seen, therefore, that the vitamin B intake of the herd 
was about as constant as can be expected imder ordinary feeding 
conditions. 

It will be noted that five types of experimental milks were fed, 
which we have abbreviated for convenience (on the figures) as 
(a) R, i.e., raw milk; (b) V.E., i.e., vacuum evaporated milk 
(not sterilized); (c) V.E.S., i.e., vacuum evaporated milk which 
had been sterilized; (d) A.E., i.e., aerated evaporated milk (not 
sterilized); and (e) A.E.S., i.e., aerated evaporated milk wMch 
had been sterilized. 
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THE FEEDING EXPEKIMENTS 

A total of 289 rats have been used in this work, although the 
charts do not represent that number, owing to the fact that it 
was necessary to repeat some of the early work on account of the 
observations of Steenbock, Sell and Nelson (6) and Butcher and 
Francis (7) that vitamin B studies are inaccurate unless provi- 
sions are made to eliminate the possibility of the rats having 
access to their own excretory material. This error was eliminated 
in part at least, by changing our feeding technique and adopting 
the use of false cage bottoms consisting of wire screen (3 or 4 
meshes to the inch). Since the publication of the above men- 
tioned findings Salmon (8) and Smith, Cowgill and CroU (9) 
have published experimental data substantiating the work of 
Steenbock, Butcher and co-workers and showing that this change 
in feeding technique is necessary if the best results are to be 
obtained. In our publication (7) we stated that we were of the 
opinion that “the rat is limited in its ability to store vitamin 
B.” As a result it was decided that little could be gained by 
using the “curative” method of feeding and, consequently, all 
rats described in this paper were fed the various experimental 
milks from the beginning of the experimental period, rather than 
adding the irulk to the diet after vitamin deficiency had become 
evident, which is the practice in the “curative” method. 

RAT RATION AND FEEDING TECHNIQUE 

The ration consisted, in parts per 100, of casein 18, salts 3, 
agar 2 and dextrin 77. Four drops of a potent cod liver oil were 
fed daily, separate from the ration, to insure an adequate intake 
of vitamins A and B. Iodine was furnished in the drinking water. 
The casein was prepared by precipitating skim milk according 
to the Zoller method (10). The washings, with acidified water 
(pH 4.8), never numbered less than 12 and between washings the 
casein was pressed as free of water as possible, in a cheese press. 

The water washings were followed by 5 or 6 alcohol washings, 
allowing each “batch” to remain in contact with alcohol for at 
least three hours. This treatment served to extract any traces 
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of vitamin B remaining in the casein and, incidentally, removed 
sufficient water to prevent spoilage of the casein on standing. 
After treatment with alcohol the casein was spread in thin layers 
on glass shelves in an air drier and air (at room temperature) was 
driven over the casein to remove the alcohol. 

The casein was then treated with ethyl ether until 50 cc. of 
the ether extract left no fatty residue, upon evaporation. The 
casein was then air dried, heated in an air oven at 120°C. for 
twelve hours and ground to a powder. This product has been 
used in ail of our feeding work and has been found to be free from 
vitamins A, B and C. 

The dextrin was prepared by autoclaving corn starch in the 
moist state, in the presence of 0.4 per cent citric acid. After 
drying in a steam closet, imtil the product was thoroughly brittle, 
it was ground to a fine powder. 

The salt mixture was McCollum’s salt mixture No. 185 and 
the agar was a high grade product of the type used in bacteri- 
ological work. 

As is the custom in this laboratory, all experimental animals 
were confined in individual cages and food consumption records 
were obtained on every individual. These food intake records 
were used as a guide in the interpretation of data but are not of 
sufficient importance to be included in the charts. 

Each experimental group contained not less than 8 individuals 
and some groups (particularly the groups recemng 12 cc. of 
milk) contained as many as 16 rats. Males and females were 
distributed equally in all groups to eliminate the influence of sex 
on the growth curves obtained in averaging the individual growth 
curves in each group. On account of the large number of ani- 
mals, it was thought best to conserve space by presenting “group 
averages” rather than growth records of each individual. It was 
felt, also, that the data are more easily interpreted by consulting 
averages for each group. 

All feeding experiments were conducted for one hundred forty 
days. In order that seasonal variations, if any, might be elimi- 
nated all animals were not placed on experiment at one time 
but groups were added from time to time during the experiment. 
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T^Tien this was done, however, an equal number of rats were 
placed in each experimental group. 

Osborne and Mendel (11) have shown that a minimum of 16 
cc. of milk, produced under conditions existing at New Haven, 
were needed to furnish sufficient vitamin B for the normal growth 
of rats. The work of Keimedy and Butcher (2), working with 
milk produced under feeding conditions existing in St. Paul, 
found that they could obtain satisfactory growth of rats on as 
little as 10 cc. 

With these results in mind, it was planned to feed the milk, 
described in this paper, at levels below and above 10 cc. Con- 
sequently, the milk was fed at 6, 8, 10 and 12 cc. levels with the 
hope that we would find a “threshold level” at which point 
vitamin destruction (if any) by heat or oxidation would be most 
marked. 


DISCUSSION 

All of the experimental data have been averaged and are sum- 
marized in figures 1 and 2. None of the animals receiving 6 cc. 
of milk grew normally, although growth was quite satisfactory. 

No outstanding differences seem to exist between the groups 
receiving 6 cc. of raw milk and those receiving equivalent amounts 
of vacuum evaporated (V.E.) milk. Furthermore, the steriliza- 
tion of this evaporated milk did not seem to affect its nutritive 
properties. The rats receiving 6 cc. of the aerated (A.E.) evap- 
orated milk did not grow so well but the differences are not 
marked. Sterilization of this evaporated milk did not bring 
about differences sufficiently large to merit emphasis. 

What has been said for the rats receiving 6 cc. of milk can be 
said, also, for those fed at the 8 cc. level. In fact, no effect of the 
additional 2 cc. of milk can be noted on any of the curves. 

When the volume of milk is increased to 10 cc. it is possible 
to note a distinct improvement in all groups. It is difficult, 
however, to note any effect of milk treatment in any of the groups 
receiving more than 6 cc. of milk. 

When the volume of milk, fed per rat, was increased to 12 cc. 
fairly normal growth was obtained, showing that the Pennsyl- 
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vania herd milk was slightly superior, in vitamin B content, to 
that described by Osborne and Mendel (11) but it seems slightly 
inferior to the Minnesota milk described by Kennedy and 
Butcher (2). 




Fig. 2 


StTMMAEY ANP CONCPESIONS 

Evaporated milks have been made by vacuum and aeration 
methods, approximating commercial manufacturing conditions 
as closely as possible. These milks were sterilized and compared, 
by animal experiments, month by month, with unsterdized 
evaporated milk as well as with the raw milk from which they 
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were made. This was done to study the effect of heat and oxida- 
tion on the stability of vitamin B. The evaporated milks were 
diluted with distilled water until they possessed the same com- 
position as the raw milk and all experimental milks were fed at 
6, 8, 10 and 12 cc. levels. No evidence of vitamin B destruction 
could be noted except in the groups fed at the 6 cc. level. In 
these groups there was some evidence that aeration or oxidation 
and heat may have brought about slight destruction of vitamin 
B. The destructive effect, however, was so slight that it is doubt- 
ful if it can be considered to be of nutritional importance. 

We are forced to conclude, therefore, that vitamin B is not 
readily destroyed by the evaporation methods described and only 
under unusual conditions would we expect the vitamin B defi- 
ciency of commercial evaporated milks to be due to methods of 
manufacture. 

Experimental work is now in progress to attempt to determine 
the stability of vitamin A during the processes of evaporation and 
sterilization by the methods d^cribed. 

The writers wish to acknowledge the assistance of Miss Mattie 
Creighton, who assisted materially in the experimental phases of 
the work, and the hearty cooperation of the herdsman, Mr. P. D. 
Jones. 
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THE EFFECT ON MILK PRODUCTION OF FEED- 
ING MORE THAN THE HAECKER, ECKLES, 

AND SAVAGE REQUIREMENTS* 

H. T. CONVERSEi 

Besearch Lahoratories of ike Bureau of Dairying , United States Department of 

Agriculture 

Haecker (1) and Eckles (2), in their studies of the feed re- 
quirements for milk production, determined the amount of 
nutritive energy necessary to maintain milking cows at uniform 
body weight. Savage (3) has published a standard in terms of 
protein and total digestible nutrients, which is in substantial 
agreement with the results of Haecker and Eckles as well as 
with later results obtained at the United States Bureau of Dairy- 
ing experiment farms, Belts\ille, Maryland (4) (5). This last 
named standard will be used in describing the results to be re- 
ported in the following article. 

The Savage standard gives the quantities of digestible nutrients 
necessary to maintain milking cows at uniform body weight. 
The question remains, however, whether cows will not produce 
more milk if fed more than this standard demands. 

LITERATURE 

Several stations have carried out work in which more feed 
was given m one period than in another. Two types of experi- 
ments furnish such data; one studjdng the effect of varying 
amounts of grain, and the other studying the effect of grain in 
addition to roughage. 

The New Mexico Station (6) reports two trials of adding grain 
to a ration of alfalfa hay, and found an increase of 12.2 per cent 
in production. A study of light versus medium grain feeding 

* Received for publication April 10, 1926. 

* The author wishes to acknowledge the assistance of Dr. E. B. Meigs of the 
Bureau of Dairying in the interpretation of results and in the preparation for 
publication. 


388 



EFFECT OF FEEDING ON MILK PEODECTION 


389 


was made at the Utah Station (7), with a resulting increase of 
8 per cent in production with the heavier grain feeding. In a 
study on “Heavy versus light grain feeding for dairy cows,” 
the California Station (8) found an increase in production of 
5 per cent on the more liberal ration. In all these trials the less 
favorable rations were supernormal, yielding digestible nutrients 
from 12 to 45 per cent in excess of the Savage standard require- 
ments. Thus in each case there was an increase in production 
when an already liberal ration was made more liberal. 

Other stations have made somewhat similar reports, but the 
experiments examined were so conducted as to have little bear- 
ing on the question of the effect of feeding at standard as against 
above standard. All these experiments were purely economy 
trials, and in but few cases apparently was an attempt made to 
regulate the quantity of nutrients to the need of the cows. 

Eckles and Palmer in well regulated experiments studied the 
effect of the plane of nutrition on milk yield. In their first 
paper (9) they conclude that “only in certain cases, which are 
brought out in the data to be presented later, did an increase in 
the plane of nutrition above normal raise the flow of milk, and 
the influence in these cases was very limited.” Their conclusion 
was that in the early months of lactation mflk is controlled by a 
“chemical stimulus” or “hormone” present in the blood and 
that in this period the plane of nutrition has little if any effect. 
In the latter part of the lactation period, they conclude that the 
“chemical stimulus” largely disappears, that the “nervous stim- 
ulus” then controls milk secretion, and that here over-feeding 
does help slightly in holding milk production to a higher level. 

These conclusions were based on five experiments in which 
cows were fed from 15 to 100 days at a supernormal plane of 
nutrition. A cow overfed for 65 days increased from 13.3 to 
15.1 pounds per day. A cow overfed for 30 days increased from 
22.5 to 22.9 pounds per day. A cow overfed for 100 days in- 
creased from 10 to 11.6 pounds per day. A cow overfed for 15 
days increased from 9.4 to 12.9 poimds per day. A cow overfed 
for 30 days decreased from 20.3 to 18.7 pounds per day. 

In a second paper by the same authors (10) on the effect of 
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underfeeding on milk production, by a similar train of reasoning 
it is maintained that in the early months of lactation the plane 
of nutrition — even underfeeding — affects but little, if any, the 
le%’’el of milk production. In the latter stages of lactation the 
experiments do show clearly a decided decrease in production 
as a result of underfeeding, and the authors urge the impor- 
tance of supplying sufficient feed after the “chemical stimulus” 
imparted at the time of parturition has been lost. 

These findings were based on 16 experiments in which cows 
were underfed for varying periods, usually from 15 to 30 days. 
These experiments fell into three distinct groups; those starting 
at calving, those starting about 30 days from calving, and those 
starting at a considerably later time after calving. In the first 
group, in which all the cows were overfed before cal\’ing and then 
underfed, three increased slightly in production while three 
decreased. In the second group two cows, previously underfed, 
were more severely underfed and decreased in production. The 
other two cows, also previously underfed, were continued below 
normal but not so severely imderfed as previously and increased 
in production. In other words they were given more feed, 
though not a sufficient amount, and increased in production as a 
result. In the third group six cows, all previously well fed, 
decreased, some very considerably, in production during the 
underfeeding period. 

Further light on the effects of changes in feed on milk produc- 
tion is to be gained from the reaction to feed changes of certain 
cows in the study of Cary and Meigs (11) on the “Relation be- 
tween the diet, the composition of the blood and the secretion 
of mfik in dairy cows.” The experiments cited were mostly of 
three periods of varying lengths. One cow starting about 30 
days from calving, after a period on nearly an adequate ration, 
had both the protein and energy reduced for 37 days and de- 
clined in m ilk production from 12.25 to 7.80 kgm. per day. 
When placed again on the full ration the decline stopped, and 
the daily production was increased in 17 days from 8.26 to 9.03 
kgm. A second cow 60 days from calving, after a period in 
which she was fed nearly a sufficient amount, had only the 
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energy of her ration reduced for a period of 27 days and decreased 
in production from 11.11 to 9.77 kgm. A slight increase in 
production was noted in the third period when the displaced 
energy was returned to the ration. A third cow started 90 days 
after calving had merely the protein of the ration reduced in the 
middle period. Here too the production was reduced in the 
intermediate period and later increased when the ration was 
again made sufficient. 

DISCUSSION OF THE ECKLES AND PALMER RESULTS 

That element of the results of the investigation of Cary and 
Meigs above cited which deals with the effect on production of 
a ration insufficient to maintain body weight is intentionally 
compared with the work of Eckles and Palmer, as the results of 
Cary and Meigs are not entirely in harmony with the conclusions 
of Eckles and Palmer. The latter authors, as above stated, sug- 
gest that neither overfeeding nor underfeeding has an appre- 
ciable effect on milk production in the early stage of lactation 
when the “chemical stimulus” or “hormone” is active and that 
overfeeding even in the latter stages of lactation has but very 
small effect. 

On the other hand the results of the investigation of Cary and 
Meigs show that cows even in the first months of lactation are 
quite susceptible to an inadequate energy supply. Their work 
also shows that an inadequate supply in either quantity or 
quality of protein is reflected in the milk flow even in the first 
90 days of lactation. 

Table 1, which is a portion of the table presented by Eckles 
and Palmer (10), forms a basis for the discussion of the lack of 
harmony between the two pieces of work. 

From this table it will be noted that in the first group, which 
consists of cows starting the imderfeeding period immediately 
after calving, the three most heavily underfed actually decHne 
in milk production. The three most lightly underfed do in- 
crease somewhat during the underfeeding period. In the second 
group, consisting of cows starting the underfeeding period 20 
to 40 days from calving, the two most lightly underfed before 
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the experiment and most heavily xmderfed during the experi- 
ment declined in production, while the other two increased in 


TABLE 1 

Shows the effect of a mhnormal plane of nutrition on the milk yield during the first 

months of lactation 




DAILY MILK YIELD 

STAGE OP 
LACTATION 

DKDEE 

FEEDING 

PLANE OP NUTKITION 

BXPEEI” 

MBOT 

cow 

At first 

At end 

During 

experi- 

ment 

Before e.xperiinent 



pouThds 

pounds 

days 

days 

per cent 

per cent 

1 

‘ 20 

22.2 

19.9 

1 

30 

-60-70 

Not given (?) 

2 

206 

28.4 1 

27.1 

1 

22 

: -60 

Supernormal 

3 

301 

23.6 

16.0 

3 

30 

! -38 

Supernormal 

4 

300 

35.8 

38.9 

1 

20 

-35 

Supernormal 

5 

2 

12.3 

13.7 

4 

38 

-20”25 

Supernormal 

6 

301 

25.1 

37.2 

0 

18 

-16 

Supernormal 

7 

2 

13.5 : 

8.8 

42 

36 

-30-35 

-20-25 

8 

301 

35.3 

33.0 

24 

20 

, -24.5 

CO 

1 

9 

20 

19.6 

26.1 

32 

16 

1 -23 

-60-70 

10 

206 

26.1 

27.1 

23 

12 

-20 

-60 


TABLE 2 

Shows the average daily milk yield of seven cows by ten-day periods from the 

time of calving 


10-DAY PEEIOD 

cow 27 

cow 62 i 

cow 206 

cow 304 

cow 400 

cow 303 

cow 211 

(1) 

(1) 

(2) 

(2) 

(2) 

(2) 

(2) 


pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

First 

29.3 

11.6 

40.3 

36.7 

20.8 

29.5 

39.6 

Second... 

31.0 

14.0 

42.7 

38.9 

21.3 

30.8 

38.6 

Third 

32.5 

14.7 

43.3 

39.8 

22.8 

30.3 

37.1 

Fourth 

31.4 

15.6 

40.9 

38.8 

22.9 

29.3 

38.0 

Fifth 


15.0 



22.7 

29.7 

40.4 

Sixth ' 





22,4 


41.9 

Seventh 





22.6 


42.4 


(1) From Missouri Station, Research Bulletin No. 2. (2) From Missouri 
Station, Research Bulletin No. 7, 


production. However, there appears to be a reason for the 
improved production of these last two cows. The underfeeding 
of these cows was drastic before the experiment and much lighter 
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during the experiment. In other words, there was a raising of 
the plane of nutrition, and the cows responded to the improved 
conditions. 

During the first few weeks of lactation under adequate feeding 
the milk yield generally increases considerably. This is shown 
in table 2 prepared from data of Eckles (12), and Eckles and 
Reed (13). 

In every case the production was lower in the first ten days 
than in some of the subsequent periods. 

Recognizing that this is the case, it would seem that any con- 
dition that prevented the normal rise in production would indi- 
cate the unfavorableness of that condition. In most of the 
cases reported by Eckles and Palmer there was not only an ar- 
resting of the rise in milk yield due to underfeeding but actually 
a decline that could be attributed to that cause. 

As is well known the curve of normal milk production becomes 
a declining curve a few weeks after calving. If this fact is taken 
into account in a study of the data submitted by Eckles and 
Palmer (9) on the effect on milk production of a supernormal 
plane of nutrition, it would appear that excess feed makes a 
very appreciable difference in the milk yield. In four of the 
five experiments reported by them, there was not only an arrest- 
ing of the normal decline for those cows in advanced lactation 
but an actual increase in production due tO the overfeeding. 

THE EXPERIMENTS 

After the decision had been reached that the Savage feeding 
standard for maintenance and milk production furnished very 
approximately the amoirnt of feed necessary to maintain uni- 
form body weight, the next logical question was the effect on 
production of feeding in excess of this standard. Two types of 
experiments were conducted. The first were comparatively 
short time experiments, with periods of thirty days in which the 
cows were alternately fed at standard and above standard. The 
latter were whole lactation-period comparisons. 
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First experiment 

In this experiment six cows were fed for three periods of thirty 
days each. In the first and third periods they were fed as nearly 
as possible at Savage requirements, while in the second period 
they received 30 per cent more protein and 15 per cent more di- 
gestible nutrients than is required by the Savage standard. The 
protein was regulated by the addition of hominy feed to the 
basal grain ration consisting of hominy feed 2 parts, ground 
oats 2 parts, wheat bran 2 parts, linseed-oil meal 1 part, and 
cottonseed meal 1 part. Because the cows were far advanced 
in lactation no transition period was allowed between the ex- 
perimental periods. 

The feed allowed for maintenance was based on three-day 
body weights taken at the start of each experimental period. 
The feed allowed for production was based on the actual milk 
production and the fat test of a two-day composite taken at the 
middle of each ten-day subperiod. In other words, the feed 
allowed for production for each thirty-day period was based on 
the fat tests of three two-day composites taken at ten-day in- 
tervals. The results of the first experiment are shown in table 3. 

In this trial cows that had been milking 18, 13, 11, 11, 9, and 
6 months respectively and producing as little as would be ex- 
pected at these stages of lactation increased on the average 4.9 
per cent in mi l k production when fed 15 per cent in excess of 
Savage requirements for total digestible nutrients. It will also 
be noted that on the average the cows lost only 5 pounds in body 
weight per thirty days when fed at Savage requirements. This 
is a httle less than one pound per cow. 

Second experiment 

In this experiment five cows were fed for three thirty-day 
periods with ten days between for transition. In the first and 
third periods it was planned for the cows to receive the Savage 
requirements, while in the second or intermediate period they 
were to get 20 per cent protein and 10 per cent total digestible 
nutrients in excess of Savage requirements. In other respects, 
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this experiment was conducted in exactly the same way as the 
first experiment. The results of the second experiment are 
shown in table 4. 

In this trial the cows were about as far advanced in lactation 
as were those in the first trial, having been fresh 13, 13, 12, 11, 
and 7 months respectively. The cows were fed close to the 
planned amounts, both in the at-standard and the above-stand- 
ard periods. The increase in milk production was but 1.9 
per cent. 

It will be noted that in these two experiments the percentage 
gain in production was quite small; 4.9 per cent in the first, and 
1.9 per cent in the second. The average for the two experi- 
ments gives but 3.3 per cent actual increase in production, A 
more accurate index of the value of the supernormal ration is seen 
in the decline in milk yield under the two conditions. In chart 
1 the average daily milk yield has been computed for all cows in 
both experiments by five-day subperiods, and the decline has 
been plotted for the two periods at standard feeding as well as 
for the intermediate period when fed above standard. This 
chart also gives the same information for the two experiments 
separately, each showing fairly close agreement with the com- 
bined chart. 

It will be seen that at standard the cows declined nearly 20 
per cent in the thirty-day periods, while at above standard there 
was no decline in production. In fact, in every five-day sub- 
period when the cows were fed above standard the yield was 
higher than in the last five-day subperiod when fed at standard. 

From a study of the curves given in chart 1, it is clear that 
simply comparing the total amounts of the milk yield of the 
period when the cows were fed above standard with those of 
the preceding and subsequent periods when they were fed at 
standard does not give a fair quantitative idea of the effect of 
the surplus feed on the milk yield. On accormt of the large 
amount of feed given in the middle period, the cows start the 
third period at a higher level of milk yield than would have been 
the case if they had been fed at standard all along; in other 
words, a considerable part of the milk given in the third period 
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Shomng details of weighty produciionf feed received^ and plane of nutrition according to the Samge feeding standard in the 
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ought really to be credited to the surplus feed given in the 
second period. A better idea of the true relations can be given 



/ Z 3 -?■ S 6 / Z 3 - 4 ^ ^ < 1 , / Z 3 4 S & 
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by comparing the actual milk yield of the second period with 
what would have been the yield if the decline had been as rapid 
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as it was in the first and third periods. On this basis of com- 
parison, the surplus feed caused an increase of about 16 per 
cent over what would have been the yield if the cows had been 
fed at standard in the second period. 


TABLES 

Summary of third experiment^ showing comparative results of two lactations on 
six coios when fed above and at standard 
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T.D.N., total digestible nutrients. 


Third experiment 

Many cows at this station are placed on 365-day semi-official 
tests. They are kept in boxstalls, milked three times a day, 
and fed considerably above the requirements of the Savage 
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standard. Six of these cows were placed in the succeeding ls£!- 
tafen under the same conditions and their feed regulated as 
nearij as possible to meet exactly the Savage standard. 

In three cases, due to early conception, the second or at stand- 
ard lactation had to be stopped at less than a year. In these 
cases comparisons are made with an equal portion only of the 
first or above standard period. Thus the two lactations for each 
cow^are of the same length. Table 5 gives the results of this 
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Chart 3 

experiment, showing the comparative milk production, feed 
received, and decline in production for each cow under the two 
levels of feeding. The table also gives the ti m e when the cows 
became pregnant, their ages at the begi nnin g of the lactation 
periods and the length of time each cow was dry between lacta- 
tion periods. 

Chart 2 shows the decline in average daily milk yield for each 
cow for the first nine full months of the lactations compared. 
Chart 3 shows the average decline for the whole group. 
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From Table 5 it will be seen that the cows gave 2 per cent teis 
milk when fed at standard than when fed above stand^^'d. 

•vik* T 

They were pregnant for 21 days longer on the average Hi the; 
lactation at standard, but were 1 year and 5 months ■ older. 
Thej^ were all at a period of life when, other things being equal, 
they would have been expected to give more milk at the more 
advanced age. 

Graves and Fohrman (14) give figures from which the increase 
in milk yield with advancing age in heifers can be calculated; 
and Ragsdale, Turner and Brody (15) give figures for the de- 
crease to be expected as a result of pregnancy. 

If the figures of Graves and Fohrman are applied to the milk 
yield of the cows in table 3 it will be found that, based on the 
production at 3 years and 6 months, the group should have 
averaged 10,288.6 pounds in the lactation at 4 years and 10 
months in place of the average of 8964.5 pounds actually pro- 
duced. This would show an increase of 15 per cent which they 
should have made if they had been fed above standard. It will 
be remembered that in the at-standard lactation the covtfs were 
pregnant on the average 21 days longer than in the preceding 
lactation. From the figures given by the Missouri investigators 
above referred to it would seem that an allowance of 4 per cent 
for this fraction of a month would be a very liberal one for the 
extra time pregnant. This would be less than 1 per cent for the 
lactation. Thus stated quantitatively it would appear that 
feeding at standard produced approximately 14 per cent less 
milk than would have been produced if the cows had been as 
highly overfed in the second lactation as in the first. 

The comparative decline in production in the two lactation 
periods as shown in charts 2 and 3 is another way of indicating 
that feeding cows just at standard does not produce the maxi- 
mum milk 3deld. Only one of the six cows decreased more rap- 
idly when fed above standard than when fed at standard, and that 
difference was but slight as compared with the difference in the 
opposite direction of several of the other cows. Four of the 
cows decreased decidedly more rapidly when fed at standard, 
as was the case in the short time experiments. A comparison 
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of the graphs of cow 236 and cow 255 is of especial interest. Cow 
236 was not pregnant during her first lactation, yet was preg- 
nant 201 days in the second or at standard lactation. The more 
rapid decline in production in that lactation might be attributed 
to pregnancy but for the fact that cow 255 showed declines very 
similar to those of cow 236, with length of pregnancy Just slightly 
greater in the at-standard lactation. If the cows in the third 
experiment had declined in milk production no more rapidly in 
the second lactation than they did in the first, they would have 
produced nearly 16 per cent more nailk than they did when fed 
only at standard. Thus figured in two ways, the value of the 
overfeeding in this experiment was about 14 per cent and 16 
per cent respectively. 

SUMMAEY 

The results taken together indicate that feeding cows accord- 
ing to the Savage or Haecker standard, that is, so that they will 
just maintain uniform body weight, does not keep them at their 
maximum milk yield. The three experiments cited are in close 
agreement in showing that an above standard ration very 
materially increases production. The two short time experi- 
ments with cows well along in lactation give a 16 per cent increase 
in nfilk yield as the result of feeding 12 per cent more than the 
requirements; while the third experiment in which whole lactar 
tion period comparisons are used, showed from 14 per cent to 
16 per cent increase in production as the result of feeding 17 
per cent more than the requirements. 
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DAIRY NOTES 


THE FUMIGATION OF CHEESE BY HYDEOCYANIC ACID GAS 

In the JouKNAL of Daiet Science (viii: 287-289, May, 1925), there 
appeared an article by Perez Simmons entitled “Hydrocyanic acid 
retained by fumigated cheese/' This paper gives the authors' experi- 
mental data on the fumigation of cheese, which are the basis for his 
criticism of the recommendation for fumigation practice as given in 
California Agricultural Experiment Station Bulletin 343 (May, 1922) 
by E. R. deOng and C. L. Roadhouse. Mr. Simmons states that 
“until more extensive tests are made to prove otherwise, in regard to 
each variety of cheese, cyanide fumigation should not be recommended." 
But he fails to recognize the fact that the bulletin referred to dealt 
with only one type of cheese, cheddar, and that in his own data which 
he cites, this variety absorbed but “a mere trace" of hydrocyanic acid 
gas. 

The experiments performed by deOng and Roadhouse were on this 
one type of cheese only, as reported in the bulletin: tests on other 
varieties were purposely omitted as they are of little commercial im- 
portance in California. 

Toxicity tests made by deOng and Roadhouse on white mice by allow- 
ing them to eat freely of the freshly fumigated cheese showed no ill 
effects whatever. In later tests the experimenters themselves ate 
from one to three ounces of the fumigated cheese, both that enclosed 
by the rind and freshly cut surfaces within one hour after removal from 
the fumigating room but without any ill effect. 

Later experiments by the Federal Insecticide and Fungicide Labora- 
tory as reported in United States Department Bulletin 1307, pages 6 
and 7, show that American cheese w’'hen first removed from the fumigato- 
rium might have as high as 110 parts per million of hydrocyanic acid 
gas but this drops to 55 p.p.m. in one day and 22 p.p.m, in seven days. 
The authors state that “the hard rind of an American Swiss cheese was 
enough, however, to prevent the gas from penetrating. None was 
found even close under the rind, although some was present in the rind." 
The authors failed to discuss their findings from the standpoint of 
toxicity and made no tests from this standpoint. 

Hence, the authors of California Bulletin 343 conclude both from the 
data contributed by Perez Simmons and E. L. Griffin et al, as well as 
their own findings that their recommendations for the use of hydro- 
cyanic acid gas as a fumigant for cheddar cheese should stand as given. 

E. R. deOng and C. L. Roadhouse. 
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THE VITAMIN B REQUIREMENT OF THE CALF‘ 

S. I. BECHDEL, C. H. ECKLES and L. S. PALMER 

Five vitamins are now known to be important in human and 
animal nutrition. Some of them are more important in the 
life of certain species than they are in others. For example, 
the antiscorbutic factor does not appear to be necessary in the 
ration of the calf, the pig, the rat, or the chicken, while it is 
essential in the ration of man or the guinea pig. On the other 
hand, the rat and the chick have rather heavy demands for the 
antirachitic factor while swine appear to tolerate a relatively 
low supply. The extent to which the results with laboratory 
animals can be applied to the larger domestic animals, is, there- 
fore, questionable. 

Eckles, Palmer et al. (1) studied the effect of yeast as a sup- 
plemental feed to rations ordinarily fed to calves from 20 to 
180 days of age. The results were negative since no increase 
on the rate of growth or beneficial effect on the health of the 
calves could be observed. Eckles and Williams (2) made a 
similar study with lactating cows and obtained negativeresults. 
The outcome of these studies make it apparent that there is no 
advantage in feeding a vitamin B supplement to the rations 
commonly fed to calves and lactating cows in good dairy herds. 

In a search of the literature no reference could be found con- 
cerning a systematic study to determine whether the growing 
calf requires a supply of vitamin B in its ration similar to that 
found necessary for the growth of laboratory animals. This 

^ Received for publication May 15, 1926. Published by permission of the 
Directors of tbe Minnesota and Pennsylvania Experiment Stations as paper 
number 617, and paper number 409, Journal Series, of the respective stations. 

The data presented in this paper are frona a thesis submitted by S. I. Bechdel 
in partial fulfilment of the requirements for the degree of Doctor of Philosophy 
in the Graduate School of the University of Minnesota. The experiments were 
planned and the preliminary work done in the Divisions of Dairy Husbandry 
and Agricultural Biochemistry, University of Minnesota. The final experi- 
ments were financed and conducted in the Departments of Dairy Husbandry and 
Agricultural Biochemistry, The Pennsylvania State College. 
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paper is intended to set forth the results of an investigation which 
was designed to throw light upon this question. 

Theiler and associates (3) have made a contribution in their 
studies of the disease in South African cattle known as lamzietke. 
In the course of their investigations rations consisting of pol- 
ished rice supplemented with a small amount of autoclaved 
roughage (Veldt hay and oat straw) were fed to cattle for 
periods ranging from 44 to 52 weeks with no evidence of beri 
beri ssnnptoms. Theiler suggested the possibility of cattle 
being able to ssmthesize vitamins by means of bacterial sym- 
biosis in the digestive tract. 

FUNCTION OP VITAMIN B 

Vitamin B is commonly referred to as a growth promoting 
vitamin, although it possibly may include two factors, viz., 
the antineuritic vitamin, the absence of which causes poly- 
neuritis in fowls and beri beri in man, and a water soluble growth 
promoting substance. Sherman and Smith (4) after studying 
aU the investigations on \dtamin B up to 1922, state that the 
absence of this factor from the diet causes cessation of growth, 
that a partial but not complete deficiency of this vitamin leads 
to impaired growth and a general undermining of health and 
vigor, and this lowered vitality may have a far reaching effect 
in its influence on reproduction and the successful rearing of 
young. 


EXPERIMENTAL 

The selection of a palatable ration that carries all of the 
known dietary factors for growth and well being of calves, ex- 
cepting vitamin B, offers a real problem since all of the common 
hays and cereal grains as well as milk and milk powders are 
known to contain a considerable amount of this vitamin. The 
liberal use of by-product feeds offers the only solution. 

It was expected that the employment of such a ration would 
involve other dietary factors, since none of the principles of 
vitamin nutrition had been applied to cattle or the other larger 
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domestic species at the time of starting the investigation in 
1922. As was more or less expected some mistakes were made 
in the first attempts, and the early results are reported as pre- 
liminary experiments. The major part of the data is presented 
as the main experiments. The main portion of the study 
covers the period in the life of the calf between five and thirty 
months of age while a limited amount of data are presented on 
the period between birth and five months of age. 

Preliminary experiments 

Ration. Feeding trials on rats (5) had indicated that corn 
gluten feed and commercial dried sugar beet pulp, when added 
to the ration in such proportion as would be suitable for calves, 
carried little or none of the water soluble B growth factor. 
With this information at hand it was planned to formulate an 
experimental calf ration as follows: 


Feed 

pounds 


Corn gluten feed 100 

Casein 50 

Polished rice 50 

Butterfat - 25 


A commercial grade of casein was used, as a more highly 
purified product would have been prohibitive. Polished rice is 
generally conceded to be devoid of vitamin B, while butterfat 
is considered a good source of vitamin A. At this time (1922) 
definite information on the anti-rachitic factor was not available, 
so that no provision was made for supplying it in the ration. 

The butterfat in a melted condition, after being decanted, was 
mixed with the concentrate mixture. A quantity sufficient to 
last for about two weeks’ feeding was prepared at one time. 
Dried beet pulp was depended upon solely to supply roughage. 

Two bull calves, one a Holstein, S-3, 8 months of age, and the 
other a Jersey, S-6, seven months of age, were selected for the 
preliminary trial. These animals, about normal in size, had 
been raised on the usual skim-milk and grain ration. They were 
confined in box stalls and fed the experimental ration in a dry 
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condition in such amounts as they would consume from day to 
day. Records of the feed consumption, live weights at ten day 
intervals, and height at withers at 30-day intervals were kept 
on these as well as subsequent experimental animals, but for the 
sake of brevity these data ai’e omitted. 

The two animals got along nicelj^ on the ration for about 100 
days. They then began to exhibit signs of stiffness and did not 
have full control of their legs in walldng. They also went off 
feed. The addition of ^dtamin B (10 per cent of dried yeast) 
to the ration of the Holstein, S-3, failed to give any relief, and 
at 113 days on experiment he went entirely off feed. He had a 
severe form of scours and at this time it was discovered that he 
was almost blind. A white spot appeared on the center of one 
eye ball. A profuse mucous discharge ran from his nose almost 
continuously. Fourteen days of the yeast treatment failed to 
afford any relief, and wheat germ, | pound daily produced no 
improvement. The daily feeding of the juice of two oranges to 
supply %'itamin C was tried without results. On the 120th day 
fit-like spasms occurred, in which he would fall down and be 
unable to get back on his feet for a time. The administration of 
two ounces daily of cod liver oil brought almost immediate im- 
provement. He came back on full feed, and when taken off the 
experiment at 220 days he was 122.4 per cent normal in weight. 
The cod liver oil was continued for a period of 18 days but the 
wheat germ was continued to the end of the experiment. 

Results with the Jersey bull, S-6, were much the same as 
those exhibited by the Holstein. He continued along for about 
two months gradual^ shovdng more and more signs of mal- 
nutrition. He displayed the same profuse nasal discharge as 
the Holstein. On the 166th day of the experiment he was 
given cod liver oil in two ounce daily doses. At about this time 
it was discovered that he had pneumonia. The cod liver oil 
was discontinued after ten days feeding and daily doses of five 
pounds of wheat germ were given. Five days later the juice of 
two oranges were administered daily. He gradually recovered 
and came back on full feed, but was again stricken with pneu- 
monia and taken off the experiment. 
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At the time it was impossible to draw any conclusions from 
the results obtained on these two preliminary animals. Kg' 
definite proof was obtained that the addition of vitamin B to 
the ration offered any relief. The addition of cod liver oil 
appeared to afford the most relief, but all of the credit could not 
be assigned to it since vitanains B and C were administered at 
about the same time. Further comment, and what is now 
believed to be a satisfactory explanation, will be presented fol- 
lowing the discussion of results on the second preliminary ex- 
periment. 

Second -preliminary experiment 

A repetition of the preliminary trial with a larger number of 
animals appeared to be the next logical step. The ration em- 
ployed was the same, except for the addition of the following 
minerals: 

12.0 pounds calcium carbonate (precipitated chalk) 

1.5 pounds acid potassium phosphate 
0.875 pound ferric citrate 
0.313 pound potassium iodide 

Animals. Four grade Holstein animals, approximately 8 months 
of age were selected. Three of them, B-4, B-10, and E-5 were 
bulls. One, E-6, was a free martin. They had been fed the 
usual skim-milk, grain, and hay ration. 

Calves E-5 and E-6 received the experimental ration without 
supplements. Tomato juice and wheat germ to supply vitamins 
B and C w;ere supplements to the ration of B-4 which was selected 
as a check animal. Two ounces of cod liver oil were added 
daily to the ration of B-10 in order to get further information 
on its apparent curative effect on the calves in the previous 
experiment. 

Results of second preliminary experiment. Animal B-10 that 
received the cod liver oil supplement continued along on the 
ration for over a year and made most excellent growth and 
development. He was found normal in every respect when 
slaughtered at the close of the experiment. He showed no 
signs of vitamin B deficiency at any time in his career. 
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Animal B-4 thrived well imtil on experiment 108 days when 
he developed a stiffness in all parts of his body. He almost 
entirely refused to eat; his knees and ankles became s-wollen; 
and he developed a tendency to stand with his hind legs forward, 
so that his bodj^ was in a squatty position. He appeared to 
give much evidence of rickets as observed in other animals. 
Daily doses of 2 ounces of cod liver oil were given. About two 
months previous to this time, on account of repairs being made 
at the experimental barn, the animals were confined in the main 
barn. In these quarters they did not get daily out-of-door 
exercise as they did before. In the light of our present under- 
standing of the importance of sunlight in nutrition, it would 
be reasonable to suppose that this condition might never have 
arisen had out-of-doors exercise been provided continuously. 

The cod liver oil wms increased to 4 ounces daily after five 
days and this amount was continued throughout the experiment. 
Inprovement was observed in a few days, but it came about 
very slowly. The animal did not eat well, especially of the 
grain. On accoxmt of the unpalatability of the wheat germ it 
was left out of the ration on the 146th day of the experiment. 
The daily doses of 350 ce. of tomato juice being fed at this time 
were believed to be suflScient for any needs of vitamins B and C 
that this animal might have. He ate the ration more freely 
after the wheat germ was left out and on the 158th day was 
much better. He did not get back on to full feed until the 
220th day of the experiment. All signs of the rachitic condi- 
tion had disappeared by this time. At 320 days on experiment 
he was up to normal in weight and above normal in height. 
When put on an alfalfa hay and grain ration he gained more 
rapidly than on the experimental ration, but his gains were not 
phenomenal. When slaughtered no indication of abnormal 
condition could be found. In view of the results before and 
after feeding cod liver oil, the lack of antirachitic factor is the 
most plausible explanation of the conduct of this animal. 

E-5 made fairly good gains for the first 220 days on experi- 
ment. His appetite declined then, and his growth rate slowed 
up. Throughout the experiment he at times exhibited stiffness 
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in walking. He developed a profuse nasal discharge early in the 
experiment, and this persisted through his whole career. At 
times this condition became exceedingly bad. On the 316th 
day he began to show signs of a general swelling in all four legs. 
It so happened at this time that the butterfat had been un- 
avoidably left out of the ration for about one week. The addi- 
tion of the butterfat made the ration more palatable and he 
began eating. Sixty-gram daily doses of marmite were ad- 
ministered and almost immediate improvement resulted. He 
became apparently normal in a few days, but when the butter- 
fat was again intentionally left out of the ration for one week, 
with the marmite continued, he again refused to eat,becamevery 
emaciated, and lost 17 pounds in weight. 

From time to time it had been observed that the feed would 
tend to take on a lardy or tallowy-like smell. This indicated 
oxidation of the butterfat which adhered to the feed particles 
as a thin film. It was then surmised that possibly the ration 
had been at times deficient in vitamin A and perhaps anti- 
rachitic factor. This is the most plausible explanation of the 
deportment of this animal. 

On account of E-5 not being very thrifty when put on experi- 
ment it was decided at the end of a year to put him on a good 
grain and hay ration to determine whether he would be able to 
thrive under such treatment. He was able to do this, and on 
slaughtering him 30 days later, no abnormalities could be 
detected. 

E-6 made consistent growth for about 1 year. The profuse 
nasal discharge gradually grew worse toward the close of her career. 
At 370 days on experiment she refused to eat and developed a 
severe form of scours. The butterfat had been left out of her 
ration also for about one week when she became very weak and 
emaciated. She was given 10-ounce daily doses of cod liver 
oil with the result that the scours disappeared and she made con- 
siderable improvement for about two weeks. Even with the cod 
liver oil continued she again declined. Sixty-gram daily doses 
of wheat germ extract brought no improvement. She gradually 
grew weaker, refused to eat, and finally died on the 416th day. 
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On post mortem, a large number of abscesses were found in 
the kidneys and right liver. This condition alone was enough 
to cause death. Abscesses were also found in the lungs which 
adhered to the ribs and diaphragm. There were a few other 
minor abnormalities in addition to a chronic catarrhal condi- 
tion in the sinuses of the head which were filled with mucous and 
pus. The bones and joints showed no abnormal condition. 

Vitamin A deficiency best explains the results with this 
animal also. Although the cod liver oil brought only tempo- 
rary relief, it is reasonable to assume that the deficiency could 
have been the indirect cause of the abscesses, and that the con- 
dition had developed so far when the cod liver oil was admin- 
istered that a cure could not be effected. Furthermore, Jones 
(6) found that cod liver oil effected cures very slowly when 
calves were suffering from vitanrin A deficiency. 

The evidence when summarized tends to indicate conclusively 
that vitamin A was insufficiently supplied to five of the six 
animals used in the preliminary experiments. The outstanding 
symptoms of calves suffering from vitamin A deficiency as 
recently reported by Jones (6) parallel in several cases those 
exhibited by the calves in these preliminary experiments. The 
following are outstanding examples: The blindness and severe 
scours of the Holstein animal S-3; the profuse nasal discharge 
exhibited by ail the animals except B-10; severe scours in the 
case of E-6; loss of complete control of the legs exhibited by 
several of the animals; and oedema in the case of E-5 and E-6. 

The results with one animal, B-10, that had received cod 
liver oil continuously contributed evidence that calves can 
maintain normal growth and well-being without a supply of 
\dtamin B in the ration. The data on the five other animals is 
considered valueless except for the fact that it paved the way 
for a more closely controlled main experiment. 

MAIN EXPERIMENTS, PART I 

In planning a continuance of the investigation provision was 
made for conducting a series of parallel experiments on rats 
with the view of obtaining first hand information on the vitamin 



VITAMIN B KEQBIEEMENT OF CALF 


417 


B deficiency of the calf rations employed. It was the aim also 
to use at least twelve calves and to get them started on the 
experimental ration at the earliest possible age. The use of 
heifer calves only was planned for the advantages that might be 
afforded in making a later study on reproduction and lactation. 

Ration. In order to insure an adequate supply of vitamin A, 
plans were made for feeding cod liver oil as a supplement to the 



Fig. 1. Ghowth Chaet on Two of the Six Animals Used in the Pkeliminabt 

Experiments 


Note the excellent growth made by B-10 on the vitamin B deficient ration 
supplemented with cod liver oil. 

experimental ration. A high grade of medicinal oil was selected. 
It was kept in brown glass containers in cold storage, and pro- 
vision was made for feeding it in fresh daily doses of 15 to 
45 cc. per day, depending on the size and age of the calf. 

Since the rations employed in the preliminary experiments 
were rather unpalatable to some of the calves, several changes 
were made to improve this defect. Imported dried beet pulp 
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(Holland) was found to provide a big improvement. It was 
cleaner than domestic pulp and was highly relished by the calves. 
The addition of cane sugar to the concentrate misture made it 
possible to get further palatability by soaking the beet pulp 
and grain together for 12 hours before feeding. A high grade 
of casein put out by the Grove City, Pennsylvania, Creamery 
also provided fm’ther improvement in palatability. In the 
later months of the experiment, an imported product (Argentine) 
of equal quality took the place of it. 

The ration was formulated as follows; 

200 pounds corn gluten meal 
100 pounds cane sugar 
100 pounds commercial casein 
62.6 pounds polished rice 
62.5 pounds corn starch 
24,0 pounds precipitated chalk 
3.5 pounds mono-basic potassium phosphate 
1.75 pounds ferric citrate 
0.625 pounds potassium iodide. 

Considerable amounts of pearled hominy from white corn 
were used to take the place of the rice and starch in the last 
months of the experiment. The ration was widened some- 
what as the animals advanced in age, due aceormt being taken 
for proAdsion of protein and energy sufl&cient for growth. 

The check animals were fed 40 grams per day of marmite to 
supply vitamin B. No provision was made for supplying 
vitamin C in the ration since the work of Thurston, Eckles and 
Palmer (7) had demonstrated this to be rmnecessaxy. The cod 
liver oil carrying antirachitic factor in connection with the 
liberal mineral supply was assumed adequate for mineral re- 
quirements. 

The amounts of feed consumed varied according to the size, 
age, and appetite of the calf. The mi nimu m for young calves 
was about 1.5 pounds of concentrate and 2.5 pounds of beet 
pulp daily. The maximum amounts consumed daily by any 
animal when about 30 months of age was 5 pounds of concen- 
trates and 10.5 pounds beet pulp. 

Laboratory animal feeding tests. A series of eleven rat feeding 
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trials involving the use of 127 animals, fed individually in 
cages with screen bottoms (3 meshes to 1 inch), were conducted 
with the view of determining the vitamin B deficiency of the 
calf ration. In nine of the trials the caK ration was fed to 
young rats with certain modifications. It was not possible to 
feed beet pulp to an extent greater than 25 per cent of the total 
ration. On a 50 per cent beet pulp ration the rats would 
bloat and die in about one week. The scheme of feeding alco- 



Fia. 2. Feed Consumption and Growth by Weight of Eats Fed a Ration 
Consisting op Alcoholic Extract of Beet Pulp, Calf Grain Mixture 
75 Per Cent, and Agar 50 Per Cent 
W. G. and N. W, G. indicate tlie addition of wheat germ extract to the ration, 
and Y. indicates the addition of yeast. 

holic extract of beet pulp in amounts that would be equivalent 
to 50 per cent of beet pulp in the ration was resorted to in two 
trials. 

In order to determine that beet pulp did not carry substances 
toxic to rats, two trials were conducted with pulp that had been 
subjected to extraction with alcohol. Two tests were made on 
the concentrate mixture alone. Agar and dextrin were supple- 
mented to the extent of 5 per cent, and 20 per cent of the ration 
respectively in order to adjust the protein content and afford 
some bulk. 
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Very consistent results were obtained in all of these feeding 
trials. The calf ration, on account of vitamin B deficiency, 
would not support growth of the young rats for more than|^2 to 
4 weeks. This deficiency was proved through the feeding of 
wheat germ extract or yeast supplement which enabled the rats 
to recover, to thrive, and in many cases to attain normal size. 
A considerable number of controls gave conclusive evidence that 
the calf ration was nutritionally complete for the growth and 
well being of rats when it was supplemented with either yeast 



Fig. 3. Feed Consumption and Growth by Weight of Rats Fed a Ration 
Consisting of Calf Grain Mixture, 75 Per Cent; Dextrin, 20 Per 
Cent; and Agar, 5 Per Cent 
W. E, indicates the feeding of wheat germ extract 

or wheat germ extract. A graphic summary of two representa- 

tive feeding trials is submitted in figures 2 and 3. 

Pearled hominy was tested for its vitamin B potency through 
feeding it, one case as 25 per cent, and in another case as 50 
per cent of a synthetic basal ration. The fact that the hominy 
was practically devoid of vitamin B is indicated in figure 4 which 
summarizes one of these feeding trials. 

Experimental calves. Four grade Holstein female calves, 
numbers 1167, 1168, 1169, and 1170, and four purebred Hol- 
stein female calves, numbers 1176, 1175, 1182, and 1185 were 
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used. The grades were designated as group I and the purebreds 
as group II. The ages at the time of going on experiment varied 
between 112 and 179 days, the calves in group I being the 
younger. Calves 1167, 1168, and 1169 had been fed a small 
amount of milk and were considerably under normal size at the 
time of going on experiment. All others had received care and 
treatment corresponding to the practice of good dairy farms, 
and with the exception of 1185 were about normal in size when 
put on experiment. Number 1185 was more or less unthrifty 



l<i«. 4. Growth Curves on Rats Fed a Basal Ration Containing 50 Per 
Cent of Pearled Hominy 

E. S. indicates the addition of wood shavings extract to the ration; M. the 
addition of marmite. 

from birth. Numbers 1167, 1182, and 1185 were chosen as 
controls and were accordingly fed 30 grams daily doses of 
marmite in the ration. 

Effect of vitamin B deficiency on the growth of calves 

Figures ^ 6, 7, and 8 summarize in graphic form a record of 
the growth of the eight individuals in groups I and 11. All of 
these heifers were continued on the experimental ration for periods 
ranging from 20 to over 140 days longer than the time indicated 



422 S. I. BECHDEL, C. H. ECKLES AND L. S. PALMER 

on the charts. The growth rate portrayed on the charts was 
continued in every case. 

The conduct of all the subjects was surprisingly uniform. 
They tended to eat sluggishly and thrive poorly for the first 
couple months. As a result, they were considerably under 
normal weight for the greater part of the first year on experi- 
ment. Even though Numbers 1167, 1168, 1169, and 1185, 
We handicapped in being below normal weight at the time 
of going on experiment, they, as well as the four other individ- 



Fiq. 5. Gbowth Gxjeves fob 660 Days on Two Calves Fed the Ration 
Deficient in Vitamin B 


uals, were able to overcome this handicap and to attain weights 
and heights at withers equal to or considerably greater than 
normal before they were two years of age. 

At no time did any of the individuals exhibit any signs of 
'ritarmn B deficiency. The control animals gave no evidence 
0 doing any hotter than the others, and the removal of marmite 
from their rations had no effect whatever on their growth or 
general well being. 
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The dried sugar beet pulp as the sole source of roughage 
appeared to be highly satisfactory for growth and general well 
being. The lack of bulk in the ration appeared to promote the 
habit of the calves to eat considerable wood shavings that was 
used for bedding and also to chew at the wooden partitions of 
their pens, especially in the earlier months of the experiment. 



Fig. 6. Animal 1170 at the Age of 271 Months when on Expeeiment 660 Days 
Her weight, ,1127.8 pounds, is 120 })er cent normal and her height at withers 
is 105.7 per cent normai. She is a typical rejwesentative of the heifers in the 
main experiment when on the deficient ration 600 days or longer. 

The fact that none of the animals ever ruminated was also 
another sign that the ration lacked bulk. The development 
of barrel in all cases appeared equal to that of heifers fed normal 
rations. 

Four of the heifers when taken off the experiment and given 
a grain and hay ration began ruminating in about 24 hours after 
the change. It required about two weeks for them to come up 


424 S« I. BECHDEL^ C. H. ECKLES AND L. S. PALMER 

to a full feed of grain, hay, and silage. So far as can be deter™ 
mined, the feeding capacity was not injured b}" the experimental 
ration. 

All of the heifers were bred and at the time of this writing 
(April, 1926) five of them have dropped strong, vigorous calves 
that are normal in every respect. Not a single animal failed 
to conceive. As they approach^ the time of parturition the 
mammary development became5niost excellent (see fig. 10). 



Fig. 7. Growth Chart for 660 Days on Two Cala'Es Fed the Ration 
Deficient in Vitamin B 

The marmite supplement in the ration of calf 116S until the 445th day had no 

effect. 

They were all very fat at this time, and their coats were quite 
sleek and glossy. The first three heifers to freshen, numi^ers 
1168, 1169, and 1170 had considerable difficulty in calving and 
required assistance. This was perhaps due mostly to the fact 
that the calves were quite large, the birth weights being 107, 
102, and 83 pounds respectively for the three heifers. They also 
had some difficulty uith retained placentas, but finally cleared 
up satisfactorily in about one week. 
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They came back on full feed in a couple of days after freshen- 
ing and then apparently went along in fine shape, the milk 
production being from 20 to 35 pounds per day. About the 
end of the second week of lactation they began going off feed. 
In about one week they refused to eat entirely. Sixty-gram 
daily doses of marmite given as a drench failed to bring any 
response. Drenches of 1| pints cod liver oil and J pound of 



Fio. 8. Growth Chart on Two Calves Receiving the Ration Deficient 

IN Vitamin B 


precipitated chalk was later tried with the same result. In 
the case of heifers 1170 and 1182 prevention of the diffi culty 
was tried through feeding three times the usual amount of cod 
liver oil beg inni ng about two weeks before freshening. Number 
1182 was also fed 60-gram daily doses of marmite, but these 
heifers almost exactly duplicated the action of 1168 and 1169. 
The only difference observed was that 1182 delivered her calf 
unassisted and dropped her placenta promptly. 
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A subnormal temperature of about degrees was observed 
in all of them after they got entirely off feed. They became 
quite thin and weak, tended to get rather stiff, especially in their 
hind parts, and the milk production declined rapidly. The 
bowel movement ceased almost entirely. They consumed in 
some cases more than the usual amount of water and the urine 
flow was quite copious. There was a good deal to indicate that 



Fig. 9. Two Calves Pel the Deficient Ration with Maemitb Supplement 
FOE THE PiHST 340 Days 

No stimulation of growth by the marmite could be observed, and when it was 
dropped from the ration the rate of growth was maintained. 

the metabolic processes were quite low. It was with great 
difficulty that they were induced to eat small amounts of al- 
falfa, bran, oats, and oil meal, when these feeds were first offered 
to them. It was necessary to do some forced feeding with 
molasses dissolved in water. Once sufficient hay was eaten to 
start rumination, the appetite appeared to pick up rather 
rapidly. 
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That the difficulty is due to a mere lack of bulk or roughage 
in the ration, rather than to a mineral or litamiii deficiency, 
we are not in position to say. It appears that the trouble may 
be the same as that reported by Reed and Huffman (S i, iMeCand- 
lish (9) and other investigators (10). 

The problem will be pursued on the other heifers due to 
freshen in the near future, and also on mature cows that are 
accustomed to dairv rations ordinarilv fed. 



Fig. 10. Animal 1182 Three Days Before She Freshened 


She had been on experiment 690 davs at this time, weighed IISO pounds and 
her condition is representative cf all the experimental heifers ])revious to 
freshening. 

It had been the plan to raise the cah'es on their mother’s milk 
until they could be w'eaiied to the dry ration deficient in vitamin 
B. It was expected that the milk would be deficient in vitamin 
B and that the second generation could perhaps be grown up 
on a deficient ration. Unfortunately such was not possible. 
One calf was maintained on its mother’s milk to the age of 
three -weeks. It became quite vigorous and increased in weight 
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38 pounds ill this time. In order to get defiiiite iiiFonnatioii an 
the vitamin ])ote!:icy of the milk, a, kirge qiimit'ity was sjiwd 
up and stored lielow Freezing temperature l)cFore ihe heilhrs 
went olf feed. Results of rat feeding trials with this milk, now 
ill progress, will be published in a htter pa|)er. 


MAIN EXnEUlMENTS, PAKT II 

The object of this experiment was to feed calves on a. ration 
dehcieiit in A^itarnin B from birth. The plan, consisted in feeding 
cows due to Freshen in several weeks on a ration deficaent in 
Aitaniin B with the idea of continuing them on. the same rat ion 
tor a, (auisidei'ahle period after freshening. Kennedy and 
Dutcher (1.1), McC'ollom, Simmouds, and Pitz (12), a-nd Ilugln^s^, 
Fitch and (kive ((13), have reported that. A^it^a.min 1? in milk is 
dejiendent on Aitamin B in the diet. 

In view of these data., it was assumed that the (*ows would 
produce milk, low in A’ita.miu B, which (‘ould be Fed to the (*alves 
until such time when they (a)uld be wetined owr t.o the rati<m 
deficieiiti in Adtainin B which was described in jia.ri I. 

Am^iials used. Two Jersey cows, 93() and <S3cS, due to freslieu 
ill i) weeks, and two Holsteins, SoO a.nd 9<SS, due to Freshen in H) 
weeks were used. 

Care and Jeedi}i(i. Dried sugar beet imlp, ihe sole sour(*e of 
loughage, was led with the Followiug grain mixture: 

aoa pounds (u>rn in(‘;d 

IdO [joiinds p(‘n,rl(‘(l hominy from wliiO' coi'ii 
:>5 poimds ia,idv;i<!:(‘ i ()0 por (‘.(Mil) 
hi potnnLs sp(M*ial ,s(.(‘,*i,m hon(‘ fn(\‘i,l 
U pounds sail. 

All lour cows ate the ration \'ery sat isFactorily at. hlu^. sla!*i., 
and the Jerseys nexur got off feed (.intii at. or .neai* fivsheniiig 
time. 1 hey were both, brought baiJv on feed by eliminating the 
tankage Irom the ration, but in about. te,ii days aft-cr fresliening 
838 refused to eat entirely and tinally had to lie ia,keu off the 
experiment. Cow 936 was in mucli better shape. She p,rc)-» 
diiced enough milk for both calves, 1222 and 1224, aiid di<l' not 
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go off feed until about one week before the Holstein cows 
freshened. Every conceivable change of ration failed to bring 
her back on feed, and she died a few days later. The actions of 
these cows in refusing to eat after freshening were almost exactly 
like those of the heifers as described in part I. The one Jersey 
calf, 1224, was accidentally killed by the herd bull. The other, 
a heifer. 1222, was fed milk from the Holstein cows. 

The Holstein cows resented the ration very much from the 
start. It was finally necessary to eliminate the tankage and 



Fig. 11. Gkowth Curves Representing Averages oe Groups op Rats in 

Milk Feeding Trials 

R. D. indicates time of change of ration of cows 988 and 850; M. C., that milk 
was changed to that from cows receiving a good ration; 17.5 and 15 cc. that 
milk was increased to such amount; and B. that wheat germ extract was ^ added 
to the ration. 

bone meal. They lost considerable weight and were quite 
thin when they freshened. The calves, both heifers, were 
strong and vigorous, however. They were designated as 1230 
and 1231. 

About two weeks after freshening these cows went off feed 
just as the Jerseys had done. A change of ration was necessary 
to keep up the milk flow for the three calves. They were brought 
back on feed by supplementing the ration with oats and poor 
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quality, overripe, timothy hay which was three years old. The 
grain mixture from this time on consisted of two parts oats, one 
and one-half parts gluten meal, and one and one-half parts 
pearled hominy. 

Rat feedmg experiment. Five rat feeding trials were conduc;ted 
for the purpose of determining the vitamin potency of the 
milk produced by the cows. The rats were confined in individual 
cages provided with screen floors (three meshes to one inch), 
and fed a basal ration consisting of 18 per cent purified casein, 
3 per cent salts (McCollum 185), 2 per cent agar, and 77 per 
cent dextrin. Milk as the sole source of vitamin B was sup- 
plemented at different levels. Figure 11 gives a graphic sum- 
mary of all five feeding trials. 

In the first trial (11-12, fig. 11), the milk from the Jersey cows 
was fed for the first three weeks. Milk from cows 988 and 850 
was fed during the remainder of the time except when a change 
to milk from cows receiving a good ration was made as indicated 
on the chart. In the next trial R-13, as well as in all subsequent 
trials only the milk from 988 and 850 was fed except as indicated. 
Feeding trial R-14 was started after the cows were advanced 
one month in lactation and when no further changes in the 
ration of the cows were necessary. 

Twelve cubic centimeters of average herd milk had been 
about adequate for normal growth of rats in trials conducted in 
this laboratory during the previous winter. Two average 
curves of these data are included for convenience of study. 
These rats did not drop below the normal growth line until on 
experiment nearly 84 days, whereas those in oxperimenf.s R- 1 1 , 
11-12, and 11-13 dropped under the normal growth line some- 
what earlier. Furthermore, at the end of 112 days they were 
considerably smaller than those fed normal herd milk for the 
same period of time. 

The growth curve of the group R-15, fed 20 cc. made gains 
greater than normal and thus gave some indication that the 
milk was very little deficient in vitamin B. The group R-IG, 
that received 8 cubic centimeters gave every indication of in- 
adequate vitamin B supply, especially when wheat germ extract 
was supplied. 
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Although the data do not warrant strong conclusions, they 
indicate that it is possible to reduce the vitamin B content of 
cow’s milk to some extent through feeding a poor ration. Al- 
though in agreement with data of Kennedy and Dutcher (11) 
the results are not nearly so outstanding as these investigators 
were able to obtain. Hart (13) has recently expressed an 



Fio. 12. Effect op Ration Deficient in Vitamin B on Growth of 

Jersey Calf 

Milk from cows fed a deficient ration was the main constituent of the calf 
ration for the first 147 days. 

opinion out of harmony with our data. In commenting on 
grass versus winter feeding, he says that "Vitamin B is not 
very abundant in milk and is not influenced by the two types 
of feeding.” 

Effect of feeding calves a ration deficient in vitamin B 

The three calves, 1222, 1230, and 1231, designated as group 
III, were fed on whole milk from the Holstein cows as their 
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sole ration until about 8 weeks of age. At this time they 
began eating the experimental concentrate mixture deficient in 
vitamin B and some dried beet pulp. The milk was discon- 
tinued as indicated on the growth charts (figs. 12 and 13) and 
the experimental ration was then fed after the methods out- 
lined in part I. 



Fio. 13. Effect of Ration Deficient in Vitamin B on Growth of 
Holstein Calves 

Milk from cows fed a deficient ration was the main constituent of the calf 
ration for the first 115 days. 

It is admitted that the practice of keeping calves on a ration 
which was made up almost solely of whole milk for so long a 
time was questionable, but no better plan seemed possible. It 
was our desire to bring them through if possible without the 
usual hay and cereal grain supplements until such time when 
they could get along on the experimental ration that was being 
fed to the older calves reported in part I. It was our feeling 
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that if this plan could be carried out, these three subjects would 
be superior to the older ones for a further vitamin B study. 

They could not be induced to eat the experimental ration in 
sufficient quantities to warrant taking the milk away from 
them, and it was exceedingly difficult to get them weaned and 
going on the experimental concentrate and beet pulp ration 
alone, even when the Jersey was almost five months, and the 
Holstein nearly four months of age. They thrived throughout 
their milk ration career and exhibited no signs of deficiency 
disease. The Holsteins were very little under normal size at 
four months of age, but the Jersey at five months of age was 
less than 80 per cent normal in weight and 96 per cent normal 
in height at withers. 

Group III was able to overcome the serious handicap of its 
early career and to attain about normal growth before the 
individuals were two years of age.- The deportment of the 
group corroborated that of groups I and II in every way. They 
have been kept on the experimental ration for over four months 
beyond the time reported on the growth charts, and at this 
writing (April, 1926), 1230 is 109.4 per cent normal in weight 
and 103.3 per cent normal in height. Number 1222 is 98.7 
per cent normal in weight and 98.5 per cent normal in height. 
Number 1230 will freshen in June, 1926, and the other members 
of the group are due about four months later. 

GENERAL DISCUSSION 

The results on growth and reproduction observed with the 
eleven animals reported in the main experiment are considered 
conclusively negative, but this should not be interpreted to mean 
that calves do not have a vitamin B requirement for growth and 
well being. It does mean, however, that it is either a case of 
no requirement for the factor in the ration, or such a small one 
that it cannot be measured with laboratory ardmals. 

In view of the recent evidence put forth by several investi- 
gators we venture the opinion that bacteriological synthesis of 
vitamin B in the digestive tract suggested by Theiler (2) 
accounts for the fact that our experimental animals were able 
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to thrive, grow to maturity, and to produce normal offspring 
on a ration practically devoid of vitamin B. Damon (15) huvS 
made an outstanding contribution in this field of baet,eriological 
research. He has been able to prove that several a<ud fast organ- 
isms synthesized vitamin B when grown in vitamin B free media. 
The dried bacterial cells fed to the extent of 7.5 per cent of a 
basal ration deficient in vitamin B stimulated rapid and con- 
tinuous growth in young rats that were in a state of nutritive 
decline. Kuroya and Hosoya (16) have reported positive results 
with a pure culture of B. coli, but Damon’s work does not con- 
firm this. Heller, McElroy, and Garlock, (17) liav^e pro- 
duced evidence of bacteriological synthesis of vitamin B in the 
intestinal tract of the rat. Scheunert and Schieblich (18) have 
produced evidence of vitamin B synthesis by the organism B 
vulgatis commonly found in the intestinal tract of herbivora. 

It is our plan, through the use of a fistula into the digestive 
tract of one or more of the remaining experimental heifers to 
obtain further light on the possible synthesis of vitainiir B. 
This added phase of investigation in connection with the work 
now under way on the milk produced by the experimental heif- 
ers should give some light on the question. 

Since dried sugar beet pulp was used as the sole source of 
roughage for all of the animals reported in this investigation, it 
is in order to comment on the so-called roughage req\urement 
commonly mentioned in feeding practice. At this writing 
(April, 1926), nine of the calves, three of which have Ijeen on 
experiment since birth, have been maintained on the l)eet pulp 
ration for over two years. The barrel development has in 
every instance been apparently equal to that of calves fed on 
normal rations (see figs. 7 and 10). Evidence that the digestive 
tract was normally developed was obtained in a post-mortem 
on one animal, no. 1170. The rumen as well as other parts of 
the tract contained a large amount of food in the usual stages of 
digestion. The habit of eating considerable quantities of wood 
shavings, which were used as bedding, has continued with all of 
of the animals to the end of their careers. It is evident from 
this that the deficiency of bulk prompted the habit, even though, 
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reproduction, and general well-being were satisfactory. The 
absence of rumination in aU of the animals throughout their 
careers was also hkely due to the deficiency in bulk. These 
observations made it appear possible that the ruminating func- 
tion could be effected by grinding hay and other roughages as 
advocated by certain manufacturers of feed grinders. 

The inability of the heifers to lactate on the ration raises a 
question concerning the causation being due to a deficiency of 
roughage. Unfortunately, all experiments so far reported have 
dealt with calves. Reed and Huffman (8) have recently re- 
ported progress on rather extensive investigations. They have 
been unable to raise calves to maturity on milk alone, on milk 
and grain, or on grain alone. Calves fed solely on concentrates 
would die with convulsions and the post-mortem findings indi- 
cated toxemia. They attribute the toxemia condition probably 
due to a deficiency of a dietary factor rather than to crude fibre 
or bulk. "Wheat straw, oat hulls, and wood shavings, did not 
prevent evidence of toxemia. Attempts to bring about normal 
development on milk rations without roughage were made 
through the feeding of calcium and phosphorus compounds. 
The results of these treatments prompted them to state that 
it is apparent that the irritability in calves fed on a concentrate 
ration is not due to a calcium or phosphorus deficiency. 

Since our calves thrived so well through the growth period 
to maturity, it is , evident that the beet pulp must have in some 
way supplied the deficiency encountered by Reed and HulTman. 
Our deficiency for lactation on the ration is probably the same 
or closely related to that observed by Reed and Huffman. 
If it is the same, the demands for lactation are evidently much 
heavier than for growth and reproduction. Since the present 
tendency in our high producing dairy herds is to supply nutrients 
more and more from concentrates rather than from roughage, 
the problem is of immense practical as well as of scientific im- 
portance. 
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Practical application of results 

The average calf ration used in feeding practice is made up 
largely from leguminous hay and cereal grains. Since these 
feeds are usually classed as fair to good carriers of vitamin B, 
there is little likelihood of an ordinary calf ration being low in 
this vitamin. The present tendency toward raising calves with 
a minimum amount of milk would have scarcely no application 
since milk is, relatively speaking, not a heavy carrier of vitamin B. 

Even though the fast growing tendency toward the feeding 
of by-products, especially of the milling industry, may even- 
tually bring about the extensive use of rations which carry small 
amounts of vitamin B, the results of this experiment warrant 
the statement that the live stock man need have little con- 
cern about vitamin B deficiency ever standing in the way of his 
raising strong, healthy calves. 

Furthermore, no evidence has been found to cause any fear, 
that the very serious problem of reproduction in our dairy herds 
will be further enhanced by vitamin B deficient rations. 

CONCLUSIONS 

1. An experimental calf ration composed of corn gluten meal, 
commercial casein, cane sugar, rice, pearled hominy, corn 
starch, dried sugar beet pulp, and a mineral mixture, carries an 
insufficient amount of vitamin B to support growth in rats and 
enable them to live for periods longer than 2 to 5 weeks. 

2. A calf will grow normally to maturity and produce normal 
offspring on a ration that carries an insufficient amount r>f 
vitamin B to support growth and general well being in rats. 
Assuming that the calf possesses a physiological rcfjuirement 
for vitamin B similar to that of other animals, the rleportment 
of the experimental calves described in this paper can be ex- 
plained only on the basis of vitamin B synthesis by bacteria and 
other microorganisms in the digestive tract, unless future in- 
vestigations should prove that various species of animals differ 
materially in their vitamin B requirements. 

3. The milk produced by cows fed on a ration deficient in 
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vitamin B is appreciably, but not markedly, reduced in its 
vitamin B content. 
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A COMPARISON OF GUERNSEY SIRES 


II. BASED ON THE AVERAGE MATURE EQUIVALENT EAT PRO- 
DUCTION OF DAUGHTERS DURING THE MONTH OF 
MAXIMUM PRODUCTION* 

C. W. TURNER 

Department of Dairy Husbandry, University of Missouri, Columbia, Missouri 

The large probable number of genes or factors included in the 
inheritance of the characters concerned in the secretion of milk 
and fat by the dairy cow has resulted in little progress being 
made toward the genetic analysis of these important characters. 
Some of the more simple characters of cattle such as coat color, 
skin color, horns, and a few abnormalities have been studied 
genetically and have been found to behave in a Mendelian fash- 
ion. A few workers such as Wilson (1) and von Patow (2) have 
advanced theories as to the number of factors concerned in the 
inheritance of milk secretion. Wilson proposes that there are 
4 dominant factors which individually produce 20, 15, 10, 
and 5 pounds of milk daily and collectively 50 pounds and 4 
recessive factors which produce 4, 3, 2, and 1 pound of milk 
and collectively 10 pounds of milk. This being true there would 
be 16 grades of milk yield varying from 50 pounds daily down to 
10 pounds. 

While the theory is suggestive, it is believed that a larger 
number of factors are concerned and without more exact data 
than is yet available, the factorial analysis of the milk secreting 
function of the dairy cow is impossible. 

A promising mode of attack of tliis problem appears to lie in 
a further study of the mechanism or mode of milk and fat secre- 
tion during the lactation period and to separate into groups 
those series of factors which may influence or regulate certain 
characteristics of the lactation curve of milk and fat secretion. 
In other words, instead of attempting to study single factors, a 

\Received for publication January 15, 1D26. 
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study would be made of groups of factors which together l>riiig 
about certain results. 

Sanders (3) has studied English Milk Records from the stand- 
point of the shape of the lactation curve. He lias determined 
what is called the shape figure of the cow’vS lactation liy dcicr- 
mining the ratio of the total lactation yield to the nui.xiimnn 
yield. This ratio is the same as the ratio which we consider to 
indicate the persistency of secretion during the lactation. This 
relation will be pointed out later in the discussion. 

Considerable attention has been given to a study of the charac- 
teristics of the shape of the lactation curve at this Station. 
Studies have been made of some of the factors affecting the 
shape of the rising segment of the curve (4), the production at 
the maximum (4), and the declining segment of the curve (5). 
These investigations have indicated that of all the factors con- 
cerned in the lactation yield of fat two are outstanding in their 
influence. 

The first of these is the height of production of milk and fat 
during the maximum month or other convenient unit of time. 
The second is the persistency of secretion or the rate of decline 
of production. These may later be further subdivided as knowl- 
edge of the mechanism of milk secretion increases. 

Data has already been presented giving information on the 
mode of inheritance of yearly fat production in the Guernsey 
breed (6). It is the object of this paper to present similai' data 
on the inheritance and mode of trsmsmission of fat production 
during the month of maximum production using t.he same 
yearly records. 

FAT PRODUCTION DURING MAXIMUM MONTH OF DAOTATION 

PERIOD 

Before considering the results of the study, it might be well 
to briefly consider the factors concerned in governing or limiting 
the maximum secretion of the dairy cow. The milk and fat 
which a cow is capable of secreting under favorable conditions 
of feeding and management in a given length of time is largely 
determined by two considerations. These are (1) the size of 
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the udder and the amount of secreting tissue present, and (2) 
the rate of secretion by a unit of secreting tissue. Do cows 
having the same amount of secreting tissue vary in their daily 
production of milk due to differences in the rate of secretion? 
Does the relation between the storage space and secreting tissue 
of the udder change the rate of secretion? Does the amount 
of blood passing through the gland influence the activity and 
rate of secretion? Is the size of the cow correlated with the size 
of the mammary gland or does the size of the animal influence 
production by increasing the capacity of the cow for feed con- 
sumption and greater blood supply or both? 

The answers to these questions would greatly aid in clarify- 
ing the problem. While we do not have direct evidence by 
which the above questions may be answered a number of ex- 
periments have been conducted which furnish an indirect basis 
for making certain deductions. It has been shown by work at 
this Station that there is considerable variation in the activity 
of the mammary gland during a period of twenty-four hours as 
measured by the variation in the yield of milk during two-hour 
periods (7), This is believed to be due to the variation in the 
volume and nutrient content of the blood passing through 
the udder. It seems probable that mammary gland cells have 
an upper limit in their secretory activity which may vary among 
cows due to their inheritance wdth the result that certain cows 
although having equal secretory tissue would be able to produce 
more milk in a given interval. 

It has been clearly shown also that the frequency of emptying 
the udder bears a close relation to its secretory activity (8). 
Does not this indicate that the amount of storage space in rela- 
tion to secretory tissue would regulate or govern to some extent 
the rate of secretion. In other words, the inheritance of the 
size and internal structure of the udder would have a direct in- 
fluence on the yield during the time of maximum milk flow. 

Data is also available on the relation of the size of the cow to 
total yearly production (9). It was found that with animals 
of the same age an increase of 100 pounds in live weight pro- 
duced an average increase of 20 pounds of fat per year. As 
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blood volurae is coi’related with live weight (about 5 pounds per 
100 pounds), it is certain that more blood is available for milk 
production. That more blood actually passes through the gland, 
however, is not known. It would appear likely, however, in 
view of the greater production unless body size is positively (cor- 
related with udder size. This data indicates the extent of the 
influence of size inheritance on total yearly fat secretion. A 
greater proportionate relation to maximum fat secretion would 
undoubtedly be shown by live weight. Size inheritance must, 
therefore, be considered in its relation to maximum fat secretion. 
It is believed that the number of genes concerned in size inheri- 
tance must be considered as a part of the total inheritance for 
fat production and not as certain workers evidently believed 
that the inheritance of milk and fat secretion is confined to the 
stimulus for secretion (10). 

Maximum secretion is the resultant of many anatomicjil and 
physiological relationships. Summed up they consist of grada- 
tions of size of the mammary gland both of secretory tissue and 
storage space, size of the digestive organs which furnish nutrients 
for the blood, size of the body in general which may be indicated 
by blood volume, and a stimulus to rapid production of the 
secretion. The variation in this stimulus probably will best be 
shown by the correlation between the summation of these size 
factors and maximum production. A high degree of correlation 
between the physical conformation of the dairy cow usually 
associated with large production and the yield of milk and fat 
will indicate that the rate of secretion in unit time docs not vary 
greatly; a low degree of correlation will indicate that; the rate 
of secretion is of considerable importance in relation t.o maxi- 
mum production. little hope of finding a close relationship 
between the type or conformation of the dairy cow arid her pro- 
duction may be expected if the latter is true. 

PERSISTENCY OF PRODUCTTON 

The declining segment of the lactation curve varies greatly 
in cows; some cows decline only sh^tly in production from 
month to month while others decline rapidly going dry at an 
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early date. In contrast to the physical characters of the dairy 
cow’s anatomy which are associated with maximum secretion, 
is this intangible stimulus (similar to the possible stimulus for 
rapid secretion) persistency of secretion or the rate of decline of 
production during the lactation period. There is little in a cow’s 
appearance to indicate whether she will decline rapidly in milk 
flow and soon become dry, or will decline very slowly in milk 
production and at the close of the normal lactation period still 
be producing a large flow of milk. 

Possibly what the judge of cattle would call “dairy tempera- 
ment” is the best external indication of the persistency of pro- 
duction of the cow. A lean, angular condition of flesh, however, 
may be a result of lack of feed, rather than due to the stimula- 
tion “to put everything into the milk pail.” A cow which has 
been well fed and yet at the close of the lactation period is in 
low condition might be considered to be of the persistent type. 
In general, however, it may be said that the factor of persist- 
ency of production although of great importance in governing 
total yearly lactation milk yield, has no physical basis by which 
the extent of the stimulation may be determined. 

The importance of persistency of production in relation to 
total production has not been generally realized. This has been 
due largely to the difficulty of securing a quantitative index of 
persistency. Recently the writer described a simple method 
of determining persistency from the ratio of the total yearly 
production to the maximum month’s production (11). This 
ratio may be converted to a percentage basis indicating the 
average monthly decline in milk or fat production baaed on 
the preceding month’s production. This gives a quantitative 
numerical expression for the important characteristic of milk 
secretion— -the stimulation for persistent production. 

In this paper especial attention will be given to the inheritance 
of the characters which are concerned with maximum produc- 
tion. The mode of inheritance of the stimulus for persistent 
production will be discussed in a paper to follow. 

The change in production with age was corrected by the use 
of the conversion factors given in the Missouri Agricultural 
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Experiment Station Research Bulletin 7‘J. As ihcse f.-ielors 
were computed from the change in yearly pi'oduciion with age, 
there may be a slight error introduced as persistency of .secrm 
tion changes slightly with ages. The error iiivolvxid, honcAer, 
is not sufficiently large to warrant nHleiermining this ridation 
for maximum production and age. 

COMP.A.RISON OF GUERNSEY SIRES ON BASIS OF DAUGiri'KRS 
AVERAGE PRODUCTION DURING THE MAXIMUM MON'l'H 

The purpose of the comparison of the sires on the basis of 
their daughters average production during the maximum month’s 
production of the lactation period is designed to show (he in- 
dependence of the inheritance of the characters concerned with 
maximum production. Large production during the inaximum 
month of the lactation period does not. necessarily indicate high 
total production because of the factor of ])ersist;oiH\v. On the 
other hand, a combination of high maximum productaon asso- 
ciated with persistent production will always result, in niaxiinurn 
ji^early production. 

In table 1 are listed the sires in order of the aA^erage fat pro- 
duction of their daughters during their maximum months pro- 
duction of fat compared with similar data for the dams of the 
daughters. This may be compared with the total yearly pro- 
duction of the dams and daughters. The persist en<-;\' ratio 
(relation of total yearly fat production to the maximum month’s 
fat production) is also given. The greater the numericid \'alue 
of the ratio, the greater is the pei'sistency indicsited.' ’['he 
differences in these two characters, maximum and pei’sistcnt 
production, between the dams and daughf.ers should be noted. 

Might not the favorable combination of the genes concerned 
in the inheritance of the characters for maximum and persistent 
production in certain individuals causing greater prodncing 
ability than either family previously possessed, be produced in 
this V. ay. Whdle there is an occasional fortunate “nicking” 

^ A complete discussion of the quantitative determination of persistency of 
production indicating the meaning of the numerical values of the ratios may be 
found in reference 11. 
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TABLE 1 

Comparison of Guernsey sires based on the average mature equivalent fat production 
of daughters during the month of maximum production 
Maximum of Daughters 


DAUGHTERS 


DAMS 


NAME AND NUMBER OF SIRE 

Number of yearly records, 
daughters 

Average mature equivalent 
fat 

Average mature equivalent, 
month of maximum 

Total 

Maximum | 

Number of yearly records, 
dams 

Average mature equivalent 
fat 

Average mature equivalent, 
month of maximum 

3 

0 

Maximum 

King Masher 11048 

23 

665 

75.0 

8.739 

16 

593 

62,9 

9.585 

King Bell 13482 

10 

707 

75.0 

9.501 

8 

581 

59.8 

9.908 

Lavanton 11611 

10 

729 

74.6 

9.873 

10 

690 

73.8 

9.375 

Ne Plus Ultra 4th 29328 

23 

707 

74.3 

9.565 

12 

576 

59.5 

9.730 

Bell-Founder 11681 

19 

694 

70.7 

9.776 

10 

643 

60.8 

9.763 

King of Chilmark 20798 

24 

689 

70.6 

9.657 

7 

612 

66.2 

9.196 

Langwater Stars and Stripes 21872. . . . 

14 

708 

70.5 

10.185 

10 

559 

56.2 

9.875 

Ne Plus Ultra 15265 

46 

687 

70.3 

9.755 

32 

569 

59.7 

9.551 

Golden Secret of Lily vale 10028 

23 

674 

70.3 

9.645 

16 

592i 

64.6 

9.201 

Langwater Holliston 28055 

10 

726 

70.3 

10.322 

6 

583 

60.9 

9.542 

King of the May 9001 

33 

708 

69.8 

10.125 

25 

625 

64.4 

9.664 

Mars of Woodcrest 9290 

10 

563 

69.7 

8.070 

4 

459 

57.6 

7.934 

King’s Vanguard 22719 

13 

627 

69.7 

9.021 

11 

639 

62.4 

8,486 

Florham Laddie 20431 

30 

662 

69.6 

9.314 

11 

592 

62.5 

9.492 

Langwater Warrior 26509 

23 

701 

69.3 

10.044 

18 

7G4 

76.7 

9.941 

Valentine Honour of the Passee G 3784 

13 

640 

68.8 

9.789 

1 

695 

70.0 

9.937 

Lady Smith’s Cherub 30760 

12 

688 

68.6 

10.154 

10 

614 

65.1 

9.423 

Brookmead’s White Face 32211 

17 

716 

67.7 

10.814 

13 

499 

53.1 

9.465 

Holden IV 12179 

12 

621 

07.6 

9.838 

7 

689 

74.1 

9.314 

Joker of Riverside 21447 

10 

595 

67.5 

8.796 

4 

558 

62.8 

8.887 

Ledyard Bav 11074 

Langwater Hayes Rosie’s King of the 

10 

045 

07.2 

9.625 

9 

498 

48.5 

10. 106 

May 16723 

27 

681 

67. 0 

10. 135 

22 

602 

64.1 

9.382 

Langwater Royal 14253 

27 

616 

66.8 

9.107 

22 

554 

62.2 

8.889 

Langwater Pencoyd 21830 

18 

658 

66.8 

9.837 

16 

679 

69.4 

9.757 

Reputation of Portage 10695 

11 

632 

66.0 

9.642 

5 

584 

68.2 

8.973 

Langwater Cavalier 21012 

21 

705 

66.5 

10.528 

10 

606 

70.8 

8.575 

Ultra May King 27600 

17 

707 

66.5 

10.611 

15 

616 

63.2 

9.721 

Charmante’s Rose King 11746 

11 

624 

66.0 

9.442 

: 7 

632 

57.4 

9.334 

Dairymaid’s Criterion of Iowa 28187. . 

12 

598 

65.9 

9.160 

1 6 

523 

57.9 

9.228 

Demonstration of Roughwood 23133. . . 

15 

624 

:65.6 

9.388 

; 7 

561 

66.3 

8.667 

Gold Lassie’s Jullian 27704 

18 

674 

:65.5 

9.734 

: 18 

624 

:68.6 

9.276 
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TATTLE 1 — Co7itinued 


NAMla AND NtlMIJEW OF SIEE 


Dolly Dimple’s May King of Lang- 


GoYernor I. of the Chene 105C3. . . 


Itchen Daisy’s May King of Lang- 
water 17349 


Golden Hero of L’Etiennerie 12647 — 

Jessy Rosie’s Pride of Iowa 3955 

Laverna’s Ultra May King 24660 

Jethro’s May King of Linda Vista 
14591 


Pencoyd’s Golden May Secret 39626. . . 
Jewel’s Royal Combination of Wawa 
15655 


Bob Rilma’s Monogram 29095. 

Masher of Sarnia 19167 

Hayes Cherub 2d 25147 


Don Diavola of Linda Vista 23565. 


Number of 
daugbters 

a 

id 

1 Average mal 
{ month of r 

Total 

Maximum 

Number of 
dams 

Average mal 
fat 

; Average mat 
month of n 

Total 

Maximum 

10 

630 

65.3 9.630 

9 

626 63. 1 

9.082 

24 

639 

65.2 9.811 

12 

671 08.0 

9.856 

10 

597 

64.0 9.313 

6 

486 51.1 

9.154 

14 

668 

64.7 10.248 

11 

655 66.6 

9.844 

22 

615 

64.4. 9.551 

15 

470 50.9 

9.320 

10 

639 

64.410.208 

0 

615 0)0. 1 

10.248 

29 

500 

64.3 9.241 

3 

447 56. 1 

7.080 

IS 

575 

64.3 9.056 

14 

522 50. 1 

8.881 

24 

()37 

04.2 0.S29 

18 

530 56.0 

9.480 

15 

645 

64. 11 0.119 

13 

609 05.2 

10.241 

10 

()67 

64.1 10.032 

7 1 

623 02,4 

9.980 

16 ; 

553 

64.0 8.698 

5 ! 

401 59.5 

7. <899 

19 

519 

63.9 9.050 

I 14 1 

504 53.9 

9.319 

12 

585 

63.8 9.007 

7 

505 05.0 

0.403 

1 

15 

620 

63.6 9.420 

15 

015 02,9 

9.843 

11 

601 

63.6 9.474 

11 

039 05.2 

9.844 

37 

634 

63.6 9.877 

30 

oil 63.2 

9.584 

84 

61063.5 9.487i 

64 

508 58,3 

8.850 

16 

639 

63.3 9.988 

10 

50{) 00. 4 

9.874 

14 1 

627 

63.2 10. 010 

13 

509 57.7 

9.934 

1 

11 

589 

63.2 9.374 

9 

1 

493 53.1 

0.413 

41 1 

640 

63.1 9.950 

31 

^ 592 60.3 

9.748 

17 

605 

63.1 9.395 

2 

599 02.1 

9.803 

16 

568 

63.1 9.093 

2 

580 55.9 

10.394 

18 

575 

62.9 9.360 

16 

546 54. 1 

10, 123 

10 

601 

62.8 9.706 

1 10 

669 68.7 

8.516 

10 

608 

62.8 9,053 

10 

523 59.5 

8.872 

11 

541 

62.6 8.730 

^ 3 

564 60.3 

9.376 

16 

63062.610.047 

9 

596 65.2 

9.371 

13 

63462.510.106 

12 

556 58.8 

9.529 

11 1 

635 

62. 5| 9.a78| 

8 

58469.5 

9.808 
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TABLE 1 — Continued 


name and number of sire 


Langwater Peerless 19227 i 

Cora’s King of Bellevue 9779 

Silver King of the Isle 14363 

Spotswood Sequel 9686 

Giltedge of Koshkonong Place 21989 . . . 

Onoko of Maple Row 11522 

May King of Linda Vista 17946 

Border Raider 22243 

Langwater Royal Master 23663 

May Rose King 2d 13130 

Florham Monarch 20771 

Modena’s Yeoman of Langwater 10764 

Jewel’s Independence 10324 

Langwater Traveler 38325 

Baubigny’s Squire of Keewaydin 21834 

Flora’s Sequel of Vimiera 25905 

Jethro Bass 11366 

Sister’s King 33653 

Aimable of France 13739 

Cherub’s Winner 34180 

Julian of Koshkonong Place 14409 

Langwater May King 13001 

Moss Raider 22155 

Penwyn of Rosendale 11282 

France’s Jewel’s Champion 17970 

Marshal of France 9051 

Frank Rose 26342 

Rockingham 18120 

Gay Lad Du Braye G2026 

Florham Golden Lad 18119 

Royal Governor of L’Etiennerie G1484 

King of Medfield 15434 

Glenwood’s Main Stay 40th 28108 

Spotswood Rival 8346. 

May King of Ingleside 12558 


DAUGHTERS 


Number of yearly records, 
daughters 

Average mature equivalent 
fat 

Average mature equivalent, 
month of maximum 

Total 

Maximum | 

12 

559 

62.5 

9. 

181 

11 

569 

62.5 

9.114 

13 

531 

62.2 

S.G13 

30 

532 

62.1 

9.160 

21 

538 

61.9 

8.913 

10 

537 

61.8 

9.014 

16 

599 

61.7 

9.838 

30 

618 

61.6 

9.980 

14 

632 

61.5 

10.254 

16 

594 

61.5 

9.963 

10 

575 

61.5 

9.172 

15 

553 

61.4 

9.050 

10 

620 

61.2 

10.782 

15 

678 

61.0 

8.676 

11 

577 

60.9 

9.476 

20 

572 

60.8 

9.397 

30 

612 

60.7 

10.149 

11 

562 

60.7 

9.236 

10 

552 

60.7 

9.076 

14 

575 

60.6 

9.417 

10 

598 

60.6 

9.905 

20 

590 

60.5 

9.731 

15 

536 

60.5 

8.853 

11 

566 

60.4 

9.404 

13 

554 

60.4 

9.751 

12 

540 

60.4 

9.206 

11 

562 

60.3 

9.332 

10 

578 

60.2 

9.565 

18 

543 

60.1 

9.059 

12 

571 

60.1 

9,525 

10 

547 

60.1 

9,023 

10 

549 

59.9 

9,153 

12 

536 

59.9 

9,509 

12 

581 

59.7 

9.354 

22 

521 

59.7 

8,829 


DAMS 


Number of yearly records, 
dams 

Ax’-erage mature equix'alent 
fat 

Average mature equivalent, 
month of maximum 

Total 

Maximum 

7 

613 

63.5 

9.657 

3 

494 

83.6 

7. 804 

9 

517 

55.2 

9.412 

17 

502 

55.5 

9.133 

20 

487 

52.7 

9.169 

8 

533 

58.8 

0.162 

15 

585 

64.6 

8.828 

28 

566 

69.7 

9.483 

9 

626 

65.0 

9. 

565 

9 

582 

04.2 

0.052 

9 

599 

66.9 

8.894 

2 

642 

71.9 

8,941 

6 

553 

57.2 

9.642 

11 

529 

65.3 

10.009 

10 

578 

68.8 

8,408 

1 

526 

60.7 

8.662 

26 

565 

57.5 

9.872 

4 

423 

52.9 

8.195 

5 

490 

54.6 

8.762 

11 

491 

59.0 

8.324 

8 

548 

58.9 

9.515 

16 

592 

00.8 

9.724 

9 

483 

54.0 i 

8.980 

8 

083 

69.5 1 

9.945 

1 

513 

60.5 

10.140 

5 

506 

53,4 

9.560 

9 

483 

51.9 

0.328 

6 

540 

56.8 

9.674 

1 

648 

60,7 

10.669 

7 

747 

71.1 

10.496 

1 

487 

67.3 

7,246 

4 

431 

52.0 

8.200 

3 

523 

:63.7 

8.245 

2 

471 

44.1 

10,64^ 

20 

483 

55.0 

, 8.888 
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TABLE 1 — C07i.tinmd 




DAtraHTBillS 



DAMS 

NAMK AND NUMUMR OFMItBl 

Number of yearly records, 
daughters 

Average mature equivalent 
fat 

Average mature equh-aient, 
month of maximum 

i 

Maximum 

Number of yearK records, 
dams 

Average mature equivalent 
fat 

Average mature equivalent, 
month of maximum 

Gay Boy of the Isle 16998 

17 

581 

59.0 

9.830 

9 

571 

04.5 

Casteriiius of Nelsonville 18052 

10 

587 

59.5 

9.954 

10 

576 

64.2 

Don Bernando of Linda Vista 20017. . . 

11 

629 

59.31 

10.060 

7 

527 

56.6 

May Hose Kinjs; 8336 

21 

632 

59. l| 

9.975 

18 

rm 

55.1 

King Masher 8th 20973 

11 

595 

59.1 

10.040 

9 

537 

50. 5 

Langwater Frederick 22208 

17 

5.63 

59.0 

9.070 

12 

592 

61.4 

Duke of Waiimesit 13480 

12 

555 

59.0 

9.414 

6 

494 

53.9 

Bell Buoy of Linda Vista 19430 

32 

575 

59.01 

9.747 

24 

542 

04.8 

Gienwood’s Reputation 7687 

20 

533 

58.9 

9. 

152, 

4 

477 

52.2 

Langwater Golden Secret 20510 

14 

570 

58.8 

9. 

927' 

8 

(515 

08.5 

Buckthorn 4781 

11 

547 

58.81 

9.241 

3 

525 

53.6 

Marcia’s Glenwood of Pinehurst 11560. 

10 

545 

58.7 

9. 

365 

0 

514 

54.8 

Lord Mar 14359 

30 

558 

58.0 

9.543 

5 

069 

81.9 

Langwater Hambro 21011 

Stranford’s Glenwood of Pinehurst 

27 

551 

58.5: 

9.005 

23 

482^ 

53. 1 

13609 

14 

56.6 

58.5 

9.009 

14 

566 

04.17 

Beau Regal 13448. 

13 

501 

58,5 

0. 

532 

4 

7()3 

73.0 

Ideal’s Senator 14730 

13 

474 

58.5 

8. 

185 

11 

454 

54.7 

Starlight’s 3&celsior 7992 

24 

521 

58.3 

8.056 

10 

477' 

57.9 

Pencoyd's G'olden Secr<3t 16550 

14 

538 

58.3 

6.474 

10 

012 

03.7 

Itchcn May King of Stannox 34377 

13 

534 

.68.2 

9. 158 

12 

59! 

64.8 

Ilobert’s Criterion of Bellevue 26887. . . 

18 

589 

58.1 

9.87! 

2 

514 

04.7 

Triple Chami»ioii 13067 

18 

544 

58.0 

9.473 

13 

510 

00.3 

Dairymaid’s Standard of Iowa 28940. . 

12 

541 

58.0 

8.816 

11 

533 

58.2 

Langwater Demonstrator 10451 

00 

on 

57.9 

0.865 

40 

515 

55.4 

Rutila’s Gold Basis 662.6 

13 

487 

57.9 

8.464 

7 

455 

52.3 

Begalore lOlOl 

13 

540 

57,8 

9.291 

0 

570 

59, <S 

Langwater Frenchman 19220. 

28 

537 

57.7 

9. 

172 

24 

542 

58.0 

Goldseoker of Anna Doan Farm 26106. . 

18 

5.47 

57.7 

0.479 

10 

720 

70.6 

Pretor 9316 

14 

524 

57.0 

9.211 

4 

519 

56. 1 

Dimple Bloom 14369 

10 

557 

57.4 

9.637 

2 

584 

60. 1 

Glenwood Boy of Haddon 4005 

20 

521 

57.3 

9,147 

21. 

559 

64.8 

Barrington May King 19312. 

19 

594 

57.3 

10.376 

17 

570 

51.7 

France’s Masher 2d 7248 

12 

512 

57.3 

8,954 

1 

040 

68.2 


8.978 
9.210 
0.430 
9. 025 
0.519 
9. 004 
9. 107 
8.480 
0 . .100 
0.174 
9.852 
0, 480 
8. 184 
0.220 

S.800 
10.528 
; 8.374 
8.205 
: 0.008 
0.028 
8. 395 
8. 470 
0.272 
0.302 
8.704 
0.401 
0.201 
10.04:7 
0. 108 
0.070 
8.013 
0.082 
9. 511 
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TABLE l~-‘Conti)iued 


PAtrGHTBRS 


DAMS 


NAME AND NUMBER OF SIRE 

Number of yearly records, 
daughters 

Average mature equivalent 
fat 

Average mature equivalent, 
montn of maximum 

Total 

Maximum j 

Number of yearly records, 
dams 

Average mature equivalent 
fat 

Average mature equivalent, 
month of maximum 

Total 

Maximum | 

Moonlight King of Anna Dean Farm 
29686 

13 

543 

57.2 

9.615 

5 

438 

1 

57.8 

7.325 

Leliij^h’s Golden Emperor 15761 

IS 

516 

57.2 

8.999 

6 

458 

60.4 

7.616 

Endymion 8916 

10 

533 

57.0 

9.283 

8 

5GS 

59.3 

9.550 

Sequel’s Monogram 15649 

30 

543 

56.9' 

9.526 

11 

460 

56.2 

8.878 

Itchen May King 25174 

20 

574 

56.9 

10.108 

17 

599 

63.5 

9.484 

Langwater Dictator 15668 

11 

513 

56.9 

0.062 

9 

421 

49.6 

8.387 

Guiding Star 12423 

15 

486 

56.9 

8.632 

11 

579 

65.1 

8.914 

Langwater Royal 7tli 20632 

18 

588 

56.9 

9.976 

6 

455 

54.6 

8.629 

Jury of Koshkonong Place 16793 

24 

497 

56.8 

8.833 

16 

451 

49.4 

9.180 

May Rose Secret of Pencoyd 27844. . . 

14 

549 

56.6 

9.608 

9 

593 

62.0 

9.656 

Governor of the Vanquiedor 39925 — 

20 

508 

56.6 

9.284 

2 

483 

60.1 

8.036 

Golden Secret 12599 

15 

529 

56.5 

9.218 

7 

507 

57.5 

8.978 

Ivy’s Emblem G3804 

10 

566 

56. 5j 

9.864 

1 

662 

70.1 

9.435 

Galaxy’s Sequel 16904 

53 

523 

56. 4I 

9.354 

13 

542 

60.5 

9.001 

Raymond’s Pioneer of Lewistown 
19103 

20 

590 

56.3 

9,351 

14 

617 

66.5 

9.243 

Rutila’s Sheet Anchor 5701 

11 

505 

56.2 

8.984 

4 

472 

51.8 

9.046 

Robina’s Standard 7254 

21 

473 

56.1 

8.515 

11 

535 

59.7 

9.065 

Golden Secret of Pencoyd 23462 

22 

536 

56.1 

9.561 

22 

587 

58.1 

9.924 

Pride of Day 17126 

14 

529 

56.0 

9.515 

8 

540 

59.0 

9.142 

General Bay 16177 

11 

506 

56.0 

9.372 

10 

621 

65.0 

9.708 

Alderney Raymond 26357 

29 

516 

56.0 

9.244 

2 

640 

64.8 

9.891 

Pencoyd Quaker Boy 35552 

10 

556 

55,9 

9.562 

2 

559 

57,0 

9.807 

Yeoman’s King Victor 22295 

15 

539 

55.8 

9.837 

15 

576 

62,3 

9.295 

Governor of the Chene G1297 

112 

524 

55.7 

9.500 

2 

545 

59.2 

9.123 

Spotswood Masher Sequel 9687 

11 

504 

55.7 

9.017 

7 

444 

54.0 

8.355 

Uncle Jim 16740 

17 

540 

55.7 

0.896 

15 

574 

61.2 

9.242 

Dean of the May 21815 

20 

526 

55.7 

9.135 

14 

547 

57.8 

9.556 

Hope’s May Rose of Maple Hill 35903. . 

12 

518 

55.6 

9,329 

7 

542 

57.8 

7.795 

Langwater Islander 31329 

10 

530 

55.6 

9.658 

7 

502 

57.5 

8.732 

Langwater Fisherman 21873 

12 

549 

55.4 

10.053 

6 

512 

63.8 

9.604 

Princesse’s Jewel 24877 

31 

515 

55.3 

9.343 

3 

550 

57.1 

9.662 

Prince of Sarnia 22000 

21 

523 

55.3 

9.621 

9 

492 

50.6 

9.763 

Beda’s May Day 34995 

10 

546 

55.3 

8.946 

7 

593 

68.2 

8.702 
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TABTjTC \~^Continued 


WAMM AND NtTMBISR OF SERB 


Laagwater Raritan 17052 17 566 55. 

Duka of Mouilpied G2045 11 523 55. 

Alderney II G2215 19 582 55, 

Jacqueminot of Linda Vista 23564 20 537 55. 

Masher’s Sequel 11462 70 511 55. 

Glenwood’s Stranford 9386 20 516 55. 

Robert’s Boy 21662 13 520 55, 

Auricula’s Main Sheet 8870 10 495 55. 

Glenwood's Combination 8th 12550. . . 11 504 54. 

The Conqueror II 15323 17 542 54 

Wolfram 5640 10 470 54. 

Lily Ella’s Squire 6597 15 494 54. 

Selma’s Main Stay’s Son 23585 14 476 54. 

George Washington of Fairfield Farm 

10866 12 516 54. 

Raymond of the Preel IV 19235 17 505 54. 

Itchen Red Raider 27342 10 549 54. 

Governor of the Cateret G3421 13 570 54.: 

Alienwood King Regent 23611 13 562 54. : 

Raymond of the Preel VI 14360 12 467 54. 

Dairymaid’s Pride of Iowa 14941 12 518 53.' 

Selma’s Glenwood 12596. 19 478 53. J 

Souvenir of L’Etiennerie 21925 17 523 53, J 

St. Austell Dreadnaught 34671 10 501 53.! 

SkeerJeks 9979 13 483 53. ' 

Sir Snowdoim 19252 20 496 53. . 

Radium 9193 12 445 53. - 

Frank Rilma 21901 11 520 53. ■ 

Dairymaid’s King 12898 21 490 53. ■ 

Nelson II A52, 12 497 53. < 

Lord Mar V 18961 10 466 53 . - 

Strong Anchor 5849 15 49163.3 

Glenwood’s Main Stay 6067 26 482 53 J 

Lohier's Beta Raider of Waddington 
35442 20 516 52.! 


Total 

Maximum 

Number of yearly records, 
dams 

4^ « 

? 'I 

s 11 

p a S 

1 s 

a i-s 

CD (1).^ 

P § 

Total 

Maximum 

2 9.632 17 

499 52.7 

9.423 

2 9.450 1 

40S 48. 8 

8.340 

1 9.871 1 

464 52.3 

8.863 

L 9.840 12 

522 55.2 

9,544 

) 9.600 17 

501 58.4 

8,667 

) 9.349 14 

448 48.7 

9.270 

) 9.277 3 

568 (54 .0 

8.710 

) 0.090 5 

528 53.5 

9.821 

i 0.205 5 

438 46.4 

9.510 

^ 9.929 4 

504 53.8 

9.270 

' 8.670 5 

6(57 07.1 

9.948 

. 9,144 5 

45G 46. 1 

10.219 

i 8.500 0 

520 64.7 

8.072 

> 9.459 3 

548(50.8 

9.051 

: 9.445 3 

399 44.3 

8.984 

10.517 8 

634 62,7 

9.909 

9.849 2 

597 57,0 

10.453 

10.354 13 

508 52,9 

9.697 

8.640 3 

494 52.4 

9. 440 

9.596 5 

()()1 68,7 

9.095 

8.937 15 

52(5 60.7 

8.809 

9.747 6 

584 63.7 

9.;i24 

9.429 9 

502 54.4 

K.H14 

9. 113 9 

537 65.3 

8. 148 

9.104 17 

431 47.6 

9.094 

8.425 9 

495 63,8 

7.930 

9,732 8 

485 50.2 

9.794 

0.200 IS 

438 54.8 

8.113 

9.452 1 

47(5 54.8 

8,861 

8.890 1 

408 42.5 

9.589 

9.296 3 

441 45.8 

9.608 

9,290 16 

440 49.0 

9.077 

9.731 12 

496 63.5 

8.017 
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TABLE 1 — Concluded 



DAUGHTBES 

DAMS 

NAME AND NUMBER OF SIRE 

Number of yearly records, 
daughters 

Average mature equivalent 
fat 

Average mature equivalent, 
month of maximum 

Total 

Maximum 

Number of yearly recurds, 
dams 

Average mature equivalent 
fat 

Average mature equivalent, 
month of maximum 

Total 

Dandy of Beirnetown 29963 

17 

523 

52.7 

9.742 

16 

512 

48.2 

9.685 

Northern Boy G1779 

11 

448 

52.7 

9.268 

1 

621 

72.5 

8.558 

Norfolk Squire 11565 

14 

504 

52.6 

9.584 

6 

506 

56,1 

9.055 

Baymond of Blaye Farm A191 

13 

521 

52.6 

9.665 

1 

483 

54.8 

8.798 

Dan Patch of the Isle 21293 

11 

517 

52.6 

9.850 

11 

511 

65.6 

9.251 

B,hea’s King of the May 14368 

21 

514 

52.4 

9.941 

15 

511 

57.7 

8.869 

Barmouth of Pencoyd 11059 

12 

461 

52.0 

8.954 

6 

564 

64.0 

7.971 

Glenwood’s Son of Gayhead 19617 — 

10 

551 

51.9 

10.210 

3 

554 

60.3 

9.173 

Christy of Pinehurst 31st 31984 

10 

479 

51.6 

9.177 

5 

419 

48.8 

8.577 

Raymond of the Preel 11353 

17 

451 

51.5 

8.950 

4 

476 

54.7 

8,733 

Christie’s Combination 14651 

10 

475 

51.2 

9.389 

9 

427 

46.2 

9.370 

Gj^pson’s Count 8125 

18 

434 

51.0 

8.569 

1 

416 

51.7 

8.039 

Roy of Norwood 8141 

18 

530 

50.7 

9.344 

8 

470 

51.7 

9.057 

Raymond of the Preel II 13381 

12 

475 

50.3 

9.561 

7 

538 

58.2 

9. 145 

Fanny’s Sequel 19563 

28 

478 

49.9 

9.428 

7 

574 

61.1 

9.459 

Penwyn 2d 7559 

10 

400 

49.5 

8.213 

’5 

428 

58.1 

7.462 

Governor of the Gree 19123 

15 

500 

49.3 

10.150 

2 

519 

58.2 

8.908 

Rouge II’s Son 18687 

Golden Anne’s Fernwood of Home- 

10 

471 

49.3 

9.592 

9 

462 

53.6 

8.756 

stead 11916 

16 

461 

49.1 

9.314 

2 

519 

50.0 

10.268 

Malcolm of Maplehurst 5626 

12 

454 

48,7 

9.412 

7 

512 

50.9 

10.035 

Capt. Robbie 7146 

Preel VII’s Champion Butter Boy 

11 

442 

47.4 

9.435 

10 

484 

53.4 

9.212 

26132 

13 

425 

46.2 

8.960 

12 

448 

47,2 

9.573 

Galaxy’s Lavinius 12548 

20 

435 

45.6 

9.616 

17 

463 

53.4 

8.732 

Ukiah 14344 

14 

405 

45.1 

9.174 

14 

447 

48.5 

9.282 

Overture of Prospect 32821 

10 

456 

45.1 

10.067 

6 

395 

41.6 

9.686 

Sunburst’s King Maiden 37423 

16 

420 

44.9 

9.305 

12 

421 

46.3 

8.950 

Cor alette’ 8 Son 3987 

12 

399 

44.9 

8.976 

11 

421 

51.9 

8.167 

Vaillant Coeur 7749 

1 13 

416 

41.5 

10.038 

10 

441 

50,3 

9.966 


with resultant improvement, a much more certain plan of se- 
curing cows which possess these two characteristics to a high 
degree would be the use of sires having already demonstrated 
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through their daughi;ers high maximum and persistent produc- 
tion. Tlic next best plan would be the use of sons of such sires. 

CiOMnAKlRON OF THE MAXIMUM PKOUUCTION OF THE DAMS 
AND D.YUGHTERS 

As in the study of total yearly fat production, the relative 
effect of the sire and the dam on the daughters maximum pro- 
duction is of great interest. A summary of the results of the 


TABLE 2 

Dam and daughter comparison of Guernsey sires 


PTIODTJC" 
TION OH’ 
FAT 

MAXIMUM 

MONTH 

Cclabb) 

sihe’b clash; 

bAUGHTffili 

■w mi 
MAXIMUM 
M,ONTHLY 
FAT 

40 TO 44 

POUNDS 

smn’s CL.^BS: 
DAUCIIITEK 
WITH 
MAXIMUM 
MONTHLY 
FAT 

BETWEEN 

45 AND 49 
POUNDS 

hike’.s class: 
l)AU<3nT’EW 
WITH 
MAXIMUM 
MONTHLY 
fat 

between 
50 AND 5^1 

P()UND.S 

hire’s class 

BAUGHTEltS 

MAXIMUM 

monthly 

FAT 

BETWEEN 
55 AND 59 

POUNDS 

sire’s CLASS 
DAUIHITEUS 
MAX1.MUM 
MONTHLY 
FAT 

BETWEEN 
(K) AND 94 
POUNDS 

sms’s CLASS 
DALHiHTEKH 
MAXIMUM 
AIONTHLV 
FA'l’ 

BETWEEN' 
(55 AND (59 
POUNDS 

sire’s class 

DAUGHTERS 

MAXIMUM 

MONTHLY 

:f/\t 

BETWEEN 

70 A'ND 75 

POUNDS 

Pairs 

Daughters, aver- 
age fat 

Pairs 

Daughters, aver- 
age fat 

Pairs 

Daughters, aver- 
age fat 

Pairs 

Daughters, aver- 
age fat 

Pairs 

Daughters, aver- 
age fat 

! 

m 

P 

PL 

Daughters, aver- 
fat 

'i® 

PL 

t 

rt 

r/7 

§3 -H 

fell m 

» at 

a c3 

Q 





[poimds 


pounds 


pounds 


pounds 


po'unds 


prnmds 

30-39 

4 

45.2 

5 

\ 42.6 

10 

46.9 

22 

55.1 

10 

55.9 

1 

58.4 

4 

74.4 

40-49 

: 11 

45.0 

41 

45.5 

77 

52.0 

153 

55,9 

123 

59,9 

33 

62.8 

10 

68.6 

■50-59 

14 

43.5 

26 

48.1 

98 

53.6 

227 

57.6 

178 

04.1 

72 

06,0 

28 

: 69.8 

60-69 

2 

47.0 

13 

49.1 

43 

53.5 

144 

( iO . 1 

151 

64.0 

92 

70.4 

16 

72.9 

70-79 



4 
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dam and daughter comparison is shown in t;able 2. It will l)e 
noted that the sires are grouped into classes on the basis of their 
daughters’ average maximum months’ fat production. Then 
the average production of daughters by dams of varying pro- 
ductivity was determined. In order to determine the average 
influence of the dam on the daughters production, straight line 
equations most nearly fitting the observed values were calculated. 
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The equations are of the form D = a + b d in which D is the 
average production of the daughters; d the production of the 
dam, b the constant increase in production of the daugliters 
for each pound of increase in the production of the dams, and a 
the sire’s potential transmitting ability with dams of such low 
production that they contribute nothing to the daughters. 


CLASS OP SIKES (sIRE’s DAUGHTER’S MAXIMUM PRODUCTION) 

CONSTANTS 

a 

b 

70 to 75 pounds fat 

52.2 

0.34 

G5 to 69 pounds fat * 

52.1 

0.25 

60 to 64 jioimds fat 

52.4 

0.17 

55 to 59 pounds fat, 

50.1 

0.14 

60 to 54 pounds fat 

43. <S 

0.16 

45 to 49 pounds fat 

36.2 

0.21 

40 to 44 pounds fat , . 

38.3 

0.15 



The value obtained for b in each case indicates the contribu- 
tion of the dams to the daugliters inherited producing ability 
during the maximum month. The dam’s contribution was found 
to vary from 15 to 34 per cent, being greatest in the groups of 
sires with daughters having the higliest maximum. The aver- 
age influence of the dams for all groups was 20 per cent. These 
results may be expressed in the form of the following equation. 

(1) Daughter’s maximum _ q 20 X maximum , sire’s potential 

fat production ' fat production transmitting 

ability 

( 2 ) Sire’s potential _ daughter’s maximum _ n 90 y 

transmitting ability " fat production maximum 

fat production 


These equations indicate that when using the dam’s producing 
ability as an index of her transmitting ability and using a sire’s 
daughter’s average mature equivalent fat production as his in- 
dex of transmitting ability that the former can be given only 
20 per cent consideration. The second equation will be useful 
in determining the sire’s potential transmitting ability when 
the daughter’s and dam’s production is known. In comparison 
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to the equations indicating the relation between dams, daughters 
and sires, it will be noted that the dam apparently contributes 
more to maximum protluction than to yearly production. 

THEOltETICAL DISCUSSION OF BESUI/rS 

Can these results which are far from the results one might 
expect be reconciled with genetic and cytological facts? The 
following discussion is an attempt at such an explanation. If 
it is incomplete or faulty it will at least be a starting point for 
further experiments and discussion which in the end will result 
in an advance in our knowledge of the inheritance of the factors 
concerned in milk secretion. 

The cytological facts in regard to the number of chromosomes 
carried by the egg and sperm in dairy cattle has been worked 
out by Wodsedalek (12). He has found that the female is the 
result of the union of an egg containing 19 chromosomes and a 
sperm containing 19 chromosomes. The male is the result of 
a union of a sperm containing 18 chromosomes and an egg con- 
taining 19 chromosomes. In other words, the female is homo- 
zygous and the male heterozygous for the sex chromosome. If 
the genes for large milk and fat secretion were carried on the 
sex chromosome (were sex-linked) it would be the female which 
would have the greater possibility in the transmission of the 
genes which influence milk and fat secretion. As it has already 
been shown that the sire can transmit his producing ability 
through his sons to his granddaughters to a high degree, even 
when he does not furnisli a sex chromosome to his son, it is ap- 
parent that the genes concerned in the transmission of the charac- 
ters for milk secretion do not lie on the sex chromosome find, 
therefore, are not sex-linked. 

Due to the fact that the sire and dam contribute the same num- 
ber of chromosomes to the female offspring, it has been assumed 
that the production of the daughters would be intermediate 
between the parents. This indeed has been found true for many 
characters which have been studied. In all cases studied, how- 
ever, both the male and female exhibit the characters concerned. 
Milk secretion differing from such characters as size, etc., is 
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expressed only in the female sex. No direct measure of the sire’s 
inheritance is possible. 

While the female’s production of milk and fat has been taken 
not only as the measure of her inheritance, but also of her trans- 
mitting ability, the male’s measure of inheritance has been 
solely one of transmitting ability. In other words, an individual 
production test has been compared with a transmission or prog- 
eny performance test. It is this difference which has caused 
the sires to appear to contribute more to their daughers’ pro- 
ducing ability than do the dams. 

Why is a production test of the dam inferior to a progeny 
production test. The answer to that question can be found in 
Mendel’s Law of inheritance. It has been found that plants 
and animals do not always breed on as they appear. Only the 
recessives always breed true to their appearance. The domi- 
nants are of two kinds, pure dominants and heterozygous domi- 
nants, only the former of the two kinds breeding true although 
in appearance are exactly similar to those heterozygous. 

The theory is advanced that the factors which are concerned 
with the inheritance of large milk and fat secretion are in part 
at least dominant over the factors which produce a condition of 
limited secretion. The fact that dairy cattle do not breed true 
to their performance indicates that some, if not all, of the factors 
concerned in high production are dominants. The low pro- 
ducers maintain from generation to generation a 3deld of milk 
only sufficient to raise their calves. 

Assuming that a large proportion of the factors for large pro- 
duction are dominant the experimental results obtained are 
easily explained. As already mentioned, it is believed that a 
large number of genes or factors are concerned in bringing about 
maximum secretion. The number and the relative contribution 
is a problem of the future. As it is difficult to deal with large 
numbers of factors, a trihybrid will be used as an illustration. 
Let us assume further that the dominants have a value of 30 
pounds of fat and the recessives 5 pounds of fat, then: 

Cow I of the composition AABBCC would produce 90 pounds of fat during 
the maximum month. 
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Cow II of the composition AaBbCc would produce Of) pounds of fat during 
the maxiinum montli. 

In segrega.tion cow I would produce eggs of the following kinds: 

AlUJ ABO A:P.0 Av(nagc 00, 

00 00 90 

Cow 11 would produce eggs of the following kinds : 

A:BC ABc AhC Ahc aBC a'h^c ahO ahc Average 52.5. 

90 65 65 40 65 40 40 15 

Cow I being homozygous for 90 pounds of fat during her maxi- 
mum month would contribute 90 pounds to all her progeny. 
Cow II being heterozygous although producing 90 pounds of 
fat would transmit only an average of 52.5 pounds of fat if all 
combinations were represented in her progeny. A single daugh- 
ter Bright go as low as 15 pounds of fat or as high as 90 pounds of 
fat depending on the particular combination of genes which 
were i-eceived — the sires contribution not being considered. 

The actual experimental results obtained indicate a liigh aver- 
age degree of heterzygosity on the part of the females of the 
breed for the closer the approach to homozygosity the closer 
will the production records indicate the transmitting al)ility. 
This may be explanation why the dams maximum fat produc- 
tion is closer to her transmitting ability than her yearly record 
is an index of transmitting ability for yearly production. 

The above illustration if applied to a siie indicates the value 
of a progeny performance test. Instead of using a single pro- 
duction test, the sire’s ability is based on a. group of daughters 
which tends to include all possible combinations of genes in 
segregation. 

SUMMAKY 

1. Rather than to attempt a factorial aiuilysis of the milk 
secreting function of the dmry cow, it is proposed that, the charac,- 
teristics of the lactation curve be studied in order 1,o group to- 
gether all factors which may affect certain parts and to study 
these characteristics from a genetic standpoint. 

2. The two most important characteristics of the lactation 
curve of milk secretion are believed to be the height of pro- 
duction of milk and fat during the maximum month or other 
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convenient unit of time, and the persistency of secretion or 
the rate of decline of production. 

3. A study was made of Guernsey Advanced Registry records 
to determine the relative effect of the sire and dam on the daugh- 
ters maximum fat production. 

4. The results were expressed by the two following equations: 

(1) Daughter's maximum fat _ q 20 X maximum sirens poten- 

production ‘ fat production tiai trans- 

mitting 
ability 

(2) Sire’s potential i v. > • i j • n 

daughter s maximum .. dam’s maximum fat pro- 

transmittmg ix* —O.zOX,.. 

ability production duction 

5 . The cytological studies indicate that the sire and dam con- 
tribute the same number of chromosomes to the female. The 
male is the result of the usual number of chromosomes from the 
dam and one less from the sire. This is taken to indicate that 
the above results can not be explained by sex-linked inheritance. 

6. The results are believed to be explained by assuming that 
the majority of the genes concerned in the inheritance of large 
fat secretion are dominant over small secretion. Such being 
the case, the only true test of an animars transmitting abihty 
is a test of the progeny as compared to a performance record. 
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SWEETENED CONDENSED MILK 
VI. TALLOWINESS*^ 

FRANK E. RICE 

Norik Carolina State College, Raleigh, North Carolina 

There are, perhaps, more different and distinct flavors produced 
from the decomposition of milk fat than from any other fat or oil. 
While in other industries any abnormal flavor of fats is denoted 
as “rancidity,” in the milk products industries attempts are 
made, particularly in recent years to distinguish between several 
different flavors, such as tallowiness, fishiness, rancidity, metallic 
and so on. 

Tallowiness is a flavor remotely resembling tallow. It has 
been recognized in butter, powdered whole milk and raw milk. 
It is commonly accompanied by bleaching of the fat, and is 
generally attributed to the action of oxygen on the fat, the re- 
action being catalysed by ligiht, ultraviolet light, metals, or free 
fatty acids (1). Mention was made of this defect in condensed 
milk in one of our previous papers (2), at which time it was 
pointed out that the flavor had been found to develop when 
unusual amoimts of copper were present. The purpose of this 
paper is to present data in support of that statement, to con- 
tribute other information concerning the cause of this defect, 
and to discuss methods of prevention. 

The flavor of tallowy condensed milk resembles to a consider- 
able degree tallowy butter and powdered whole milk. It is a 
condition not so marked as that of rancidity or bacterial thicken- 
ing. The acidity does not increase, neither does the viscosity. 
The odor and taste except in rare instances are very weak. Unless 
it is an extremely bad case the product may be used in baking 
and in candy making. In hot beverages the flavor is brought 
out to such an extent as to make it unusable. On opening a tin 

This work was done in cooperation with the Nestles Food Company of New 
York. Received for publication December 5, 1925. 
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the sample ajipears sometimes but not always a little paler than 
normal. The tallowy flavor of the freshly opened sample remains 
even after exposure to the air for several days. 

EXPERIMENTAL 

Since it has been generally believed that tallowiness in other 
milk products is due to the oxidation of fat, a catalyst possibly 
being necessary for the reaction to take place, it seems fair to 
postulate that a similar reaction is involved in this case. Tins 
of condensed milk always include some air, and the product may 
contain a great deal of copper since so much of the condensing 
equipment is ordinarily constructed of that material. light is 
eliminated as a factor here, since commercial samples are found 
only in tin; particxdar care was taken in this experimental work 
that samples in glass were kept in a dark place. 

Oxygen as a factor in tallaiviness production 

It has often been noted in commercial samples, though this is 
not always the case, that it is only the layer of condensed milk 
at the top and exposed to the air space which is found tallowy. 
And this has been always the rule in experimental samples, unless 
care was taken to mix the liquid from time to time, in this way 
bringing fresh surfaces in contact with the air space. It has 
always been found in experimental samples that when tins or 
bottles were filled entirely full, there was less tallowiness, if any 
at all, than when a liberal air space remained above the liquid. 

Experiment 1. To a sample of condensed whole milk was 
added 50 mgm. of copper in the form of copper la<!t.ate. The 
weighed amount of the salt was dissolved in a few cubi(j centimeter 
of water, added to the condensed milk, wanned to faoilitat;e mix- 
ing, and stirred well with an egg-beater. TIiIkS was divided iid;o 
three parts each placed in a fruit jar so that the jar was only 
about three-fourths full. The air was displaced with oxygen gas 
in sample 1, and with carbon dioxide in sample 2; air filled the 
space in sample 3. The jars were well sealed to prevent escape 
of gas, and held in an ice storage room for later inspection. 
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Inspections for flavor were made at the end of twenty and forty 
days: At each time sample 2 was unchanged in flavor. Sample 
1 was described as very tallowy at twenty days and extremely 
tallowy at forty days. Sample 3 was distinctly tallowy on both 
occasions but never becoming as strong as sample 1. 

This experiment shows that oxygen is a necessary factor for 
the production of tallowiness in sweetened condensed milk. 

Production of tallowiness a chemical not a biological change 

In air the experiments here described the samples were held in 
an ice storage room until time of inspection. This procedure was 
adopted after several unsuccessful attempts to prevent growth of 
mold in other ways, it being impossible in the preparation of 
samples to prevent contamination. Due to the fact that con- 
densed milk ordinarily becomes tallowy only after weeks or 
months, there is sufficient time for mold to develop and make it 
impossible to inspect the sample for tallowy flavor. It was found 
that the temperature of the ice storage room (27° to 32°F.) was 
such that mold growth was prevented while tallowiness developed 
just as rapidly as at room temperature. This is an indication 
that the reaction is due to the chemical oxidation of fat, and not 
to organisms or enzymes. 

However, as was pointed out in the preceding paper of this 
series (3), it is possible that free fatty acids may catalyze the 
reaction involved in tallowiness formation. Fatty acids in milk 
products are derived most commonly from an enzyme hydrolysis 
of butter fat. In this way, therefore, enzymes may indirectly 
hasten tallowiness. This point of view might explain the findings 
of Palmer and Combs (4) where experiments bore indication that 
in butter a greater degree of tallowiness results when enzymes 
are present. 

Other proofs of the statement that biological processes have 
nothing to do directly with tallowiness in condensed milk are the 
following: 

1. Exposure of the product to very high temperatures for long 
periods of time did not lessen the effect, in fact it seemed that 
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when samples were exposed to a great deal of heat more tallowiness 
developed. 

2. Bacterial counts on eight samples of tallowy condetused milk 
were-175, 220, 550, 770, 1050, 2570, 1690, 1400; the two whicli 
are lowest in bacterial counts happened to be strongest in the 
tallowy flavor. 

3. At one time some samples to which luwl been adrled some 
copper for the purpose of obtaining tallowiness wen? dh'ided 
and to one series was added 0.1 per cent mercuric cihloridc, to the 
other none. Later inspection showed that both series of samples 
became tallowy at equal rates. 


TARCE 1 


SAMPLE 

NUMBER 

INSPECTION AT THE END OF 

25 days 

45 (layH 

70 (Iay.4 

100 duyn 
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6 

+ + “h 

«•!«» 

4““f+ 

4"* 4' 4" 

7 

-{- + +■ 

4"b4" 



8 1 

0 

0 

4“ 

4*4" 


Normal flavor, 0: tallowiness, distinct, +; tallowiness, fairly strong, + + ; 
tallowiness, exceedingly strong, blank spaces indicate that no inspection 

was made. 


Copper an a factor in tallowiness produdion 

Experiment A quantity of freshly condensed milk wiis 
divided and treated as follows: Sample 1, no addition; sample 2, 
adding per kilo of product 2,5 mgrn. of copper in the form of 
lactate; sample 3, 5 mgm.; sample 4, 10 mgm.; sample 5, 25 
mgm.; sample 6, 50 mgm.; sample 7, 26 mgm. of copper as am- 
moniacal cupric oxide; sample 8, clean bright copper strips were 
introduced so that one end extended above the surface of the 
milk. 

Several samples of each series were placed in sterile bottles, 
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leaving some air space. At each inspection a sample was used 
that had not been previously opened. Particular care was taken 
each time that the inspector did not know to which series the 
sample under consideration belonged until after judgment had 
been passed. Table 1 gives the results of inspection for tallowy 
flavor. 

The speed of tallowiness production and the degree of flavor 
is seen to increase with the amount of copper present, an addition 
of as little as 2.5 mgm. per kilo being effective. In experiment 1 
it was shown that oxygen is a necessary factor. It is concluded, 
therefore, that tallowiness is here caused by the action of oxygen 
on some constituent of the milk, the reaction being hastened by 
the presence of copper. (But this is not to exclude the possibility 
that other catalysts than copper may be effective.) 

Five batches of condensed milk which were foimd to show 
var3dng degrees of tallowiness under most conditions were found 
to contain 3.9, 4.2, 5.7, 7.7, and 11 mgm. copper per kilo. Rice 
and Miscall (2) have reported finding in normal canned milk 2.4 
to 4.8 mgm. copper per kilo with an average of 3.7 mgm. It 
would seem, therefore, that some batches of normal condensed 
milk might contain sufficient copper to cause tallowiness under 
suitable conditions, and this has been found to be the case. On 
several occasions condensed milk as canned in the factory and 
placed on the market did not become tallowy, while portions of 
the same batch held in fruit jars, leaving a liberal air space, did 
develop the flavor. Also in a few instances portions of con- 
densed milk to which an excess of copper was added were filled 
into containers so that practically no air space remained, it was 
always found that tallowiness developed to a lesser degree than 
when more air remained in contact with the surface of the liquid. 
The conclusion to be reached from these experiments is that either 
oxygen or copper may may prove to be the limiting or controlling 
factor in tallowiness production. 

Experiment 2 shows also that copper in other forms than 
lactate is effective. The metal in contact with condensed milk 
produces the tallowy flavor but slowly, due no doubt to the slow- 
ness with which it dissolves and diffuses in the milk. In another 
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experiment it was found that copper chkuide nud (“oppcr oxide 
caused tallowiness. The active factor is no doubt, therefore, 
the cation of these salts. 

Tallou'imas dm to a (hTwnpodlion of Ihe f tU 

Since tallowiness has always been found in butler and sei)arated 
butter fat as well as other fats, and since it has been noted in 
powdered whole milk but not in powdered skim, there seems little 
doubt that in those products the abnormal flavor is (auised by a 
chemical change in the fat. 

An attempt was made to obtain normal condensed skimmilk 
with no fat, but the nearest approach to it was a Huniple with 1 .1?9 


TAliLTi 2 


8AMPLB 


Hkiiiij 40 mgm, copper per kilo. . . 
8kim, 20 rrigm. copper |)cr kilo. . . 
Skim, 0 ingm. copper per kilo. . . 

Whole, 40 mgni. copper per kilo. . 
Whole, 20 mgm. copper per kilo. . 
Whole, 0 mgm. copper per kilo. . 

See table 1 for key to symbols. 


immrrum at hnu of 


12 


2(1 dit.vH 


-t- 

+ 

0 


-I- 

H" 

0 


++++ 4--I- + + 

++ - 1 - + 

0 0 


per cent fat. This was compared with normal condensed whole 
milk with 8 per <!ent fat: To eaxli was aildcd 20 and 40 mgm. of 
copper in the form of la<5tate. The various iiortions were placed 
in fruit jars filling them about three-foindhs full; tlie remaining 
space contained oxygen gsis. licsults of inspections are given in 
table 2. 

Two other experiments gave results similar to those hero sliown. 
Condensed skimmilk may become slightly tiillowy Init to a very 
much less degree than condensed whole milk under the same con- 
ditions. Since, besides the fat, all other milk constituents are 
present in skimmilk in higher percentages than in whole milk, 
there is no doubt that tallowiness here is due to changes in the 
fat. 
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Exposure of condensed milk to air at the time of condensation 

Since the action of air or oxygen with a catalyst will produce 
tallowiness during storage, it seemed possible that exposure to 
air during condensation might cause the same flavor defect, the 
catalyst not being necessary. Vacuum pans leak at the bottom 
quite frequently, thus permitting a flow of air through the milk 
during condensation. 

For experimentation on this point provision was made for con- 
densing in glass. A 3-liter flask was used in connection with a 
vacuum pump so that boiling would take place at 130° to 135°F. 
Batches containing 4 pounds of milk with the proper proportion 
of sugar could be thus handled. 

Check batches prepared in this apparatus never became tallowy 
but when copper salts were present during condensation this 
flavor always developed. 

A batch run while air was continually bubbled through the 
milk did not become tallowy. On other occasions portions of 
normal factory condensed milk were warmed to 135°F. and air 
bubbled through for one-half hour, and in other portions oxygen 
was whipped in with an egg beater. Tallowiness was not pro- 
duced by these methods. 

It is to be concluded that this flavor is not caused from the 
exposure of a batch to air or oxygen at the time of condensation. 

Condition of factory equipment and its relation to tallowiness 

production 

It has frequently been observed that after a vacuum pan has 
not been used for a considerable period of time the first batch 
’•un is almost sure to become tallowy. Analyses have shown also 
that the percentage of copper is unusually high in such a batch: 
One day's run in a factory on a pan which had not been previously 
used for several months produced condensed milk which when 
canned regularly into tins became strongly tallowy in thirty days. 
There was found 7.7 mgm. copper per kilo. 

A 100-pound batch ran on a small (copper) experimental vacuum 
pan not used for two weeks previously became strongly tallowy, 
and was found to contain 11 mgm. copper per kilo. 
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It is common knowledge that the surface of the copper of 
unused pans and hot wells becomes covered with a black oxide 
coat, but when this equipment is in constant use the surfaces 
remain bright. Rice and Miscall (2) have shown that more copper 
is dissolved in milk from an oxidized copper surface than from one 
that is clean and bright. It must be concluded, therefore, that 
tallowiness in batches manufactured in equipment not previously 
used for some time is caused by the excessive amounts of copper 
dissolved from the surfaces. 

Observations on some experimental batches prepared in glass 
with and without the addition of a piece of copper gauze fully 
corroborate these conclusions. 

Effect of other metals on tallowiness 

Aside from copper practically the only metals ordinarily coming 
in contact with milk in condensing equipment are tin and iron. 

Experiments carried out with these metals in the same way 
that has been described with copper showed that tin does not 
catalyze the reaction at all. The action of iron was generally 
found positive but weak: For instance, in one e.xperiment 25 
mgm. per kilo of iron in the form, of tartrate was added to a quan- 
tity of normal condensed milk, when frequent inspection showed 
that faint tallowiness developed only at one hundred twenty-live 
days. Under the same conditions 25 mgm. of copper produce 
extreme tallowiness in less than twenty-live days. 

Tin and iron cannot be important in the product, ion of the 
tallowy flavor in condensed milk. 

SUMMARY 

1. Tallowy condensed milk is produced through the action of 
the oxygen of the air in the container on the butter fat of the milk, 
the reaction being catalyzed ordinarily by small amounts of 
copper. 

2. Tallowiness develops below 32°F. apparently just as rapidly 
as at room temperature; heat sterilization of the product does not 
prevent it; the bacterial counts of tallowy samples are low; 
addition of strong preservatives do not prevent the development 
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of the flavor. All these points are taken as proof that the re- 
action involved is chemical and that biological agencies have 
nothing to do with it. 

3. Pure oxygen was found to be more active in producing tal- 
lowiness than air. The development of the flavor could be pre- 
vented by displacing the air with carbon dioxide, or, by filling 
containers so full that no air space remained. Tallowiness 
increases, therefore, with the extent of exposure to oxygen. 

4. Tallowiness was found to increase with the amount of copper 
present. When the percentage of copper is small, much more 
oxygen or air space must be in contact with the sample to produce 
the flavor. And when there is but little air space more copper 
must be present. 

5. Condensed skimmilk may become slightly tallowy if it con- 
tains any fat at all, which it usually does in commercial practice. 

6. Copper condensing pans and hot wells that have not been 
used for some time previously yield an excessive amount of copper 
to the first few batches manufactured; accordingly, these batches 
are most likely to become tallowy. 

7. Tin was found not to catalyze the tallowiness reaction. 
Iron was found to do so but to a very much less degree than 
copper; it cannot be important in practice. 

Practical conclusions 

1. To prevent tallowiness the air space in the cans and the cop- 
per in the milk should be reduced to a minimum. 

2. Since open pasteurizers, holding tanks and hot wells may, 
if made of copper, yield more copper to the milk than vacuum 
pans (2), particular care should be taken that the milk does not 
remain in any of these articles of equipment longer than neces- 
sary. Wherever possible all copper equipment should be re- 
placed by other materials for the manufacture of sweetened con- 
densed whole milk. 

3. In experimental and laboratory samples tallowiness de- 
veloped only at the surface of the milk in contact with the air, 
but in samples obtained on the market this flavor may be found 
throughout the can. This is attributed to the fact that in ship- 
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ping and handling, the contents of the cans are so mixed that; a 
new surface is frequently brought into (jontact with the air. 

4. After a copper pan or hot well has not been used for a long 
time, pariicular care shoidd be taken 1;o clean ilie surface so iiiat- 
a minimum of (iopper will dissolve in the hr, si. I>ai.(di. In l.hc 
experimental work no method of cleaning was found whicli would 
entirely prevent tallowiness from developing in the iii’st few 
batches run. It is therefore concluded that such batches .should 
be put on a quick market or used in ice cream or candy 
manufacture. 
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FACTOES FOR ADJUSTING MILK AND BUTTERFAT 
RECORDS OF REGISTER OF MERIT JERSEY 
COWS TO A UNIFORM AGE BASIS* 

M. H. FOREMAN 

Dairy Cattle Breeding Investigations ^ Bureau of Dairying^ United States Depart- 
ment of Agriculture, Washington, D. C, 

The influence of age on the production of milk and butterfat 
by dairy cows is not a new problem, and dairy literature con- 
tains much information on the subject. In 1917 (1) Pearl and 
Patterson reported the results of an analysis of seven-day Jersey 
milk records taken from “Jersey Sires and Their Tested Daugh- 
ters,” a publication issued by the American Jersey Cattle Club 
in 1909. One of the conclusions of these authors was that 
maximum production is reached at approximately the age of 
8 years and 7 months. In 1919, Pearl, Go wen, and Miner (2) 
studied 2153 yearly milk records from the first two volumes of 
the Register of Merit and concluded that the actual maximum 
mean milk yield comes at 8.12 years. The following is quoted 
from their paper: “In these Jersey cows the absolute amount 
of milk produced per unit of time increases with the age of the 
cow until a maximum is reached, but the amount of increase 
diminishes each year with advancing age until the absolute 
maximum production is reached.” 

Later, Gowen (3) studied 1741 complete eight-months lacta- 
tion periods of Jersey cows from records in a single herd. He 
writes as follows: “The mean milk production for the eight- 
months period for those cows which are between 2 and 3 years 
of age, is 4032.9 pounds. From this point the milk production 
rises rapidly at first then more slowly to a maximum at about 
7 years. From this maximum the decline in milk production 
is less rapid toward the hi^er ages.” Here is a variation of 
about one year in the age of maximum production of cows of 
the same breed. 

* Received for publication November 9, 1925. 
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In 1921, Hooper (4) reported the results of a study of 1497 
Jersey records from the 191G Volume of the hegister of Merit, 
and in the following year MeCandlish (f)) added further knowl- 
edge on the subject of tlie effect of age on ])rodu(dion. 1’Iie 
latter used a total of 5772 Jersey records from the Ib^gister of 
Merit to July, 1916. 111680 were groupeil by ages a.c.cording to 

the year in which the test began, nie author (•murludes that 
the maximum milk and butterfat yield is reached at; al)out 
eight years of age, and that the fat percentage of Jerseys rises 
from one to four years and then decreases irregularly. 

Most of the foregoing work was criticised by Ragsdale, 'Turner, 
and Brody (6) because of the limited data employed. I’hey 
consolidated 195,678 records from the Jersey Register of Merit, 
Shorthorn Record of Merit, and Ayrshire, (iuernsoy, and llol- 
stein Advanced Registers into a composite curve showing the 
effect of age on production. In the indh-itlual breed studies 
they used 13,723 Jersey records, and the 565 animals from eight 
to nine years of age show the higliest average l)utterfat 
production. 

The purpose of the present study was to determine the effect 
of age alone on milk and butterfat production of Ilegister of 
Merit Jersey cows. Although the material used lias been criti- 
cised because of the selective influence which Register of Merit 
requirements exert on official records, yet the fact remains that 
one of the principal uses to which the results are to be applied 
is the adjustment of Register of Merit records to a standard age; 
and it would appeal' that correction factors derived from Ihe same 
source as that to which they are to be applied are more nearly 
accurate than those from any other source. Needless to say, age 
relationship as determined from more than 14,0(K) Register of 
Merit records would likely be sufficiently characteristic of the 
Jersey breed to make the application of these correction factors 
to any Jersey records reasonably accurate. 

As has been shown elsewhere (7), the increase in production 
from an initial to a reentry record is due partly to increased 
age and partly to the development which the animal undergoes 
during the initial test. This development averages 11 per cent 
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of the reentry record for Eegister of Merit Jerseys. Because of 
this fact all reentry records have been omitted from this study 
of the influence of age on production, and the results are based 
on an analysis of 14,571 initial Class-A and Class-AA Jersey 
records contained in the Register of Merit up to and including 
the 1921 Volume. By discarding the reentry records the dis- 
torting influence of the factor of development is ehminated, 
as it will be shown that certain age groups have decidedly higher 
proportions of reentry records than others, thereby weighting 
the influence of development in these groups. Furthermore, 
the inclusion of reentry records tends to introduce the additional 
influence of selection exercised by the breeders in retesting more 
of their better cows (7). This would again raise the average of 
the age groups having the greater proportion of reentry records. 

In the case of Gowen’s (3) study of 1741 private records, it 
goes without saying that those in chai-ge of the herd where the 
records were made used the heifer records as a basis for culling 
the nonproducers. If they failed to do so, then what was the 
purpose of the testing? If no low producers were eliminated, 
it must be assumed that there was an unusual increase in the 
number of females; or that cows were sold in their early maturity 
regardless of producing ability; or that the death rate equaled 
the birth rate, which would indicate a condition of herd health 
such as to make the records of doubtful value for statistical 
analysis. 

Our data confirm a well established popular belief that the 
maximum producing ability of dairy cows extends over a period 
of several years after they attain maturity. In most previous 
studies it has been shown that the age of maximum production 
is reached at some fixed time, such as 8 years, 1 month, 13 days. 
That any certain breed or any individual cow would reach her 
maximum producing capacity on such a narrowly prescribed 
time limit does not seem logical. Athletes, as rule, during a 
period of their lives are capable of performing at a fairly uniform 
rate; and the same is true of race horses. Utmost physical 
ability in most lines of endeavor as well as mental capacity 
continue unabated over a period of time. 






ADJUSTING MILK AND BUTTEKFAT RECORDS 


475 


If due allowance is made for environmental influences, which 
limit the value of all official records, the minor fluctuations in 
records of cows tested more than once during mature life can be 
fully accounted for. 

Figures 1, 2, and 3 show the curves of butterfat production, 
milk production, and percentage of fat, as evolved from the 
Register of Merit data already described. The curves of milk 
and butterfat production show that there is a period of maximum 
production from the age of 6 to lOJ years. 

The trend of both the milk and butterfat production curves 
shows a sharp change at about the age of 6 years. The curve 
of milk production continues to rise slowly until about 10| years 
of age, when the trend changes. However, the total increase in 
milk during this period of 4J years is about 200 pounds, which 
may be attributed largely to the influence of three small groups 
(ages 10-2, 10-3, and 10-4) numbering only, 45 animals, and in- 
cluding five records above 13,000 pounds of milk. A further 
contributing factor to this increase at the ages of 9 and 10 years 
is that the animals officially tested at advanced ages are more 
closely selected, and only animals of unusual ability are tested. 

The influence of the declining percentage of fat is sufficient to 
offset the slight rise in milk after 6 years and to change the butter 
fat production curve to a horizontal, which remains practically 
so until the age of 10^ years. 

The percentage of fat shows an almost uniform decline -until 
after 11 years, and the succeeding portion of the curve is based 
on groups with limited numbers. This corresponds to Gowen’s 
(8) observations on percentage of Jerseys. 

The type of the curves of milk and butterfat production con- 
firms the belief that the period of maximum production of Jersey 
cows continues from 6 to lOf years of age. 

Unquestionably the shape of these curves would have been 
changed by the inclusion of reentry records, which were omitted 
for the reasons previously stated. Table 1 shows the number 
and average initial records used as compared with the number 
and average records which would have been added to each group 
if the reentry records had been included. The younger classes 
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receive iittie or no influence from tlie reiath'cly higher reentry 
records. The table shf)ws that every class from 41. up to S.] 
years woxild have had over 50 per cent addidonal re<M>rds avei- 
aging from 14.3 per cent to 20.5 per ceni, higlicr than the initial 
records . 

To facilitate the work of adjusting Kegister of Merit i-ec-.ords 
to a standard age basis, table 2, coixtaining factons for (iorrecting 


TABLE 1 

Initial and remtry I'ccords of Register of Merit (Ums 


AGE 

INITIAL RECOltm USED 

RE ENT RY RHf/ORUB 

RATIO OF 
HERNTUy TO 
INITIAL 
RWdOKLH 

imT’EHBNCB 
RKTWHEN 
INITIAL AND 
|{» ENTRY 

ymrs 

mmiher 

pounds: 

number 

pound fi 

per cent 

pownds 

Under 2 

1237 

343 

0 




2 to 2i 

3633 

368 

0 




2i to 3 

1313 

386 

51 

412 

3.9 

26 

3 to 3-5* 

1298 

404 

367 

468 

2S.:{ 

u 

3| to 4 

1011 

423 

374 

490 

37.0 

67 

4 to 4i 

924 

440 

422 

505 

45.7 

65 

4^‘ to 5 1 

705 

454 

370 

532 

52.5 

7K 

5 to 61 

673 

457 

372 

525 

55.3 

68 

61 to 6 

587 

469 

326 

543 

55.5 

74 

6 to 61 

509 

475 

268 

543 

52.7 

68 

61 to 7 

404 

471 

237 

543 

58.7 

72 

7 to 71 

395 

408 i 

215 

504 

54.4 

96 

71 to 8 

310 

470 

185 

553 

59.7 


8 to 81 

267 

480 

140 

565 

52.4 

85 

81 to 9 

232 

462 

93 1 

573 

40.1 

111 

9 to 91 

163 

468 

77 

559 

47.2 ' 

91 

91 to 10 

128 

475 

63 

549 

49.2 

74 

10 to 101 

114 

476 

40 

530 

35. 1 

54 

10.1 to 11 

(18 

459 

29 

574 

42.6 

1.15 


milk and butterfat records, has been prepared from our data. 
The relatively slight variation in penientage of fat due to age 
does not warrant the application of correction factors, unless 
they be used in a gross way; furthermore, there are factors for 
adjusting both milk and butterfat records. The correction 
tables are prepared for ages in years and months for reasons 
which will be demonstrated. Criticism that this involves too 
much detail can readily be answered by the results shown in 
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applying various correction factors. Unless records are stand- 
ardized with care and precision, results will be badly distorted. 
For example, suppose two heifers complete records of 500 pounds 
of butterfat. Heifer A began her test at 2 years and 10 days, 
while heifer B started at 2 years, 5 months, and 10 days of age. 

TABLE 2 

Factors for correcting Register of Merit J ersey records to mature age basis 


Procedure : Multiply the actual record by the factor shown opposite the age at 
which the record was made in order to obtain the age-corrected record. 


AGE 

MILK 

FACTOR 

s§ 

|1 

ffl 

AGE 

§ 

a I 

BUTTERFAT 

FACTOR 

AGE 

o 

si 

is 

g 

U 

n 

years 

1 

months 

5 

1.55 1 

1.51 

years 

3 

months 

1 

i 

1.21 : 

1.18 

years months 

4 9 

1.07 

1.05 

1 

6 

1.53 i 

1.50 

3 

2 

1.20 

1.17 

4 10 

1.06 

1,04 

1 

7 

1.50 

1.47 

3 

3 

1.19 

1.16 

4 11 

1.06 

1.04 

1 

8 

1.48 1 

1.44 

3 

4 

1.18 

1.15 

5 0 

1.05 

1.03 

1 

9 

1.45 

1.41 

3 

5 

1.18 

1.15 

5 1 

1.05 

1.03 

1 

10 

1.43 

1.39 

3 

6 

1.17 

1.14 

5 2 

1.05 

1.03 

1 

11 

1.41 

1.37 

3 

7 

1.16 

1.13 

5 3 

1.04 

1.03 

' 2 

0 

1.39 

1.35 

3 

8 

1.15 

1.12 

5 4 

1.04 

1.02 

2 

1 

1.37 

1.33 

3 

9 

1.14 

1.11 

5 5 

1.03 

1.02 

2 

2 

1.35 

1.31 

3 

10 

1.14 

1.11 

5 6 

1.03 

1.02 

2 

3 

1.33 

1.30 

3 

11 

1.13 

1,10 

5 7 

1.03 

1,02 

2 

4 

1.32 

1.28 

4 

0 

1.12 

1.09 

5 8 

1.02 

1.01 

2 

5 

1.30 

1.27 

4 

1 

1,11 

1.09 

5 9 

1.02 

1.01 

2 

6 

1.29 

1.25 

4 

2 

1.11 

1.08 

5 10 

1.02 

1.01 

2 

7 

1.28 

1.24 

4 

3 

1.10 

1.07 

5 11 

1.02 

1.01 

2 

8 

1.26 

1.23 

4 

4 

1.09 

1 1.07 

years 

6 to lOi 

1,00 

1.00 

2 

9 

1.25 

1.22 

4 

5 

1.09 

1.06 

lOJ to 12 

1.01 

1.02 

2 

10 1 

1.24 

1.21 

4 

6 

1.08 

1.06 

12 to 14 

1.05 

1.06 

2 

n 1 

1.23 

1.20 

4 

7 

1.08 

1.05 

14 and over 

1.14 

1.12 

3 

0 

1.22 

1.19 

4 

8 

1.07 

1.05 





In a rough classification both would be called junior two-year- 
olds. Applying correction factors in Table 2 gives the following 
results: Heifer A, 500 X 1.35 == 675 pounds, mature equivalent; 
heifer B, 500 X 1.27 = 635 pounds, mature equivalent. The 
difference is 40 pounds of butterfat. 

If the conversion factor of Turner, Ragsdale, and Brody (9) 
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were applied, both heifers A and B would ha.\'e mature equiva- 
lent records of 725 pounds of fat, or 60 pounds more than A and 
90 pounds more than B, as determined above. 

It mif^ht be of interest to apply the correction faftors to a 
number of Register of Merit records. As a comparative group 
of Register of Merit cows, the various class leaders have as a 
common distinction the fact that each is supreme in her own age 
division. In table 3 are the actual and age-corrected rectords of 
the 365-day class leaders as hsted in the Jersey Bulletin of July 
29, 1925. 


TABin 3 


CLASS 

NAMK 

1 BOTTKR- 
FAT 

SiKiCOKD 

A«1 

Aa»-COB« 

EHCOI«I> 

Yearling. . . . 

St. Mawes LacFs Lady 

pounds 

829 

j/ears 

1 

moniAs 

11 

ptmndi 

1,130 

Jr. 2 

lialeigh^s Torono Memo. 

002 

2 

5 

1,146 

Sr. 2 

Sensation^s Mikado^s Millie 

850 

2 

8 

1 ,040 

Jr. 3 

Poppy’s Dortha 

094 

3 

4 

1,143 

Sr. 3 

St. Mawes Lad’s Pride 

1,002 

3 

7 

1,132 

1,244 

Jr. 4 

Barling’s Jolly Lassie 

1,141* 

4 

0 ; 

Sr. 4 

Vive La France 

1,031 

4 

7 ' 

1,083 

Mature 

Groff’s Constance 

1,130 

5 

3 

1,104 


* Highest record for the Jersey breed. 


The most butterfat which any Jersey cow has ever produced 
during a year while an official test is 1141 pounds. This figure 
indicates the utmost ability of the best cow among some 22,000 
cows which have been admitted to the Register of Merit. Of 
all the animals over five years of age, which are classed sis 
mature, the best producer has a record of 1 130 pounds of Initter- 
fat. The various class leaders are the best producers in their 
respective age divisions, and when the age-correction factor is 
applied to each record it is interesting to observe how closely 
the adjusted records approximate the highest of the breed. The 
record of Darling’s Jolly Lassie, when corrected for age, exceeds 
anything which has yet been achieved by a Jersey cow; but it is 
not inconceivable that this is an exceptionally precocious and 
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early maturing animal; and unless she demonstrates at .a later 
date an increased ability, her record as a four-year-old marks her 
full capacity to produce butterfat. Records of all other classes, 
when adjusted for age, group fairly well around the actual high 
record for the breed. The average age-corrected record for the 
eight class leaders is 1137 pounds — only 4 pounds below the actual 
record of Darling’s Jolly Lassie, and 7 pounds in excess of the 
actual record of Groff’s Constance, the highest producer among 
the cows over five years of age. 

By way of comparison with the above, the same records and 
the adjusted records secured by use of the tables of Turner, 


TABLE i 


CLASS 

ACTUAL EBCOBD 

AGE 

ADJUSTED 
RBCOBD— 
TURNER, 
RAGSDALE, 
AND BRODY 

adjusted 

RECORD'— 

DAVIDSON 


pounds 

years 

months 

pounds 

pounds 

Yearling 

829 

1 

11 

1,227 

1,227 

Jr. 2 

902 

2 

5 

1,308 

1,218 

Sr. 2 

850 

2 

8 

1,139 

1,105 

Jr. 3 

994 

3 

4 

1,243 

1,203 

Sr. 3 

1,002 

3 

7 

1,162 

1,182 

Jr. 4 

1,141 

4 

0 

1,278 

1,301 

Sr. 4 

1,031 

4 

7 

1,113 

1,134 

Mature 

1,130 

5 

3 

1,187 

1,198 

Average 

1,207 

1 1,196 



Ragsdale, and Brody (9), and one developed by Davidson (10) 
from data previously cited (2) are listed in table 4. 

Six of the adjusted records in each list is in excess of the highest 
record ever made, 1141 pounds. One corrected record in each 
list exceeds 1300 pounds of butterfat, and three others in each 
are above 1200 pounds. Of the thousands of mature cows which 
have undergone Register of Merit tests, Groff’s Constance tops 
the list with 1130 pounds. If such marked ability existed as is 
shown by the age-corrected records of young cows in these two 
lists, similar ability and higher records for the mature class should 
be found. Unless the records adjusted from earlier ages agree 
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fairly well with what the cows actually produce when mature, 
then the correction factors are at fault. 

StlMMAliY 

A table of factors for adjusting Register of Merit, Jersey milk 
and butterfat records to a standard age basis has been evolved 
from the initial records found in the Register of Merit up to and 
including the 1921 Volume. 

The result of the application of these factors to actual records 
is compared with results secured by the use of other correction 
factors. 

The production curves of Register of Merit (!ows indic!a1,o that 
the period of maximum producing ability continues from 0 to 
10| years of age. 
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THE EFFECT OF HEATING ON THE HYDEOGEN-ION 
CONCENTRATION AND ON THE TITRATABLE 
ACIDITY OF MILK* 

E. O. WHITTIER and ANNE G. BENTON 

Research Laboratories^ Bureau of Dairying^ United States Department of 
Agriculture, Washington, D. C. 

INTHODUCTION 

Surprisingly little work has been reported on the changes in 
hydrogen-ion concentration and in titratable acidity which occur 
when milk is heated. Since the first factor is a major determinant 
in the coagulation of milk, and since both should give evidence 
as to the character and extent of chemical changes involving 
acids, a determination of these values over a considerable range of 
temperature and time of heating is desirable. 

PREVIOUS WORK 

Kirsten (1) found a decrease in the titratable acidity of milk 
after heating for a short time at various temperatures. Centri- 
fuging milk caused a somewhat smaller decrease in titratable 
acidity. Heating of the centrifuged milk caused a stiU further 
drop. He showed that these changes could be correlated with 
and accounted for by the loss of carbon dioxide. 

Orla-Jensen and Plattner (2) found that by heating milk for 
five minutes at temperatures as high as 110°, a decrease in titrat- 
able acidity was obtained; at higher temperatures an increase 
was found. Heating for an hour at 110° gave an increase. A 
development of color in the milk accompanied the increase in 
titratable acidity. They explained the decreases in titratable 
acidity by loss of carbon dioxide; the increase by development of 
acid, largely from the casein and to a less degree from lactose. 

Van Dam (3) found an increase in hydrogen-ion concentration 
and a decrease in titratable acidity after heating milk for periods 

Received for publication January 23, 1926. 
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of not more than an honr. He attempted no explanation of this 
seeming paradox, but took the hydrogen-ion cshange to indicate 
that the calcium caseinate is not hydrolyzed in the heating of 
milk, and hence the greater stability of heated milks (cannot be 
explained on the basis of such an hydrolysis. 

Duncombe (4) reported values for titratable acidity and hy- 
drogen-ion concentration on milks niejisured at different tem- 
peratures. He found both values increased by raising the tem- 
perature. These measurements are very significant, but, until 
the temperature range of reliable measurement of hydrogen-ion 
concentration can be extended much higher than is now possible, 
the value of such figures is rather limited and jittempts at their 
interpretation unsafe. 

Cosmovici (5) heated milk for periods of thirty minutes at 
temperatures of 66°, 68°, 75° and 100° and states that the hydro- 
gen-ion concentration was increased to an extent dependent on 
the temperature and time of heating, and that the (ihange was 
irreversible. 

Apparently no one has measured the changes in these values 
over any extended period of heating. We are making such meas- 
urements and report here on two typical experiments, one at the 
boiling point of milk, the other at 95°. 

EXl’ERIMENTAD 

For each of the experiment reported here, 3 liters of fresh, 
separated herd milk were used. The initial pH in one experiment 
was 6.55, in the other 6.61. The round-bottom flask, in which 
the heating was carried out, was provided with a reflux condenser 
and a thermometer and was immersed to above the level of the 
surface of the milk in a bath of saturated salt solution in which 
was suspended a second thermometer. In the 96° experiment, 
the temperature of the salt bath was raised to about 100° and 
held there till the milk had reached 90°, after which it was held 
at 95 to 96°. In the experiment at boiling temperature, the bath 
was raised to 106 to 107° and maintained there. Samples were 
removed hourly by means of a syphon, which could be blown 
clear after each sampling. The samples were cooled immediately 
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to room temperature by means of ice-water and the necessary 
determinations made at once. 

The hydrogen-ion determinations were made in duphcate in 
Clark rocking electrode vessels, a saturated calomel half-cell 
completing the chain. A Tjrpe K Leeds and Northrup poten- 
tiometer was used for the measurements. A lead accumulator 
was used as a source of potential for the comparisons, and this 
potential was kept at a constant known value by frequent balanc- 
ing against a Weston cell which had been calibrated by the 
Bureau of Standards. The value of the calomel half-cell was 
checked each day before using by means of an m/20 solution of 
potassium hydrogen phthalate. The milk samples were cooled 
to the temperature of the measuring system before determining 
their hydrogen-ion concentration. Results were not recorded 
until the duplicates in the two cells checked to 0.01 pH unit. 

A preliminary experiment showed that it was not practicable 
to titrate the heated milk with phenolphthalein as indicator, 
because of the peculiar brownish color which masked the end- 
point to increasing degrees as the heating progressed. There- 
fore, we decided to titrate electrometrically to an end-point at 
pH 8.0, which is the end-point most people obtain approximately 
by using phenolphthalein in milk. 

A Bildebrand electrode immersed in the milk in a jelly glass 
was used for the titratioi^. The saturated potassium chloride 
bridge was a piece of glass tubing drawn to an upward-pointing 
fine tip at the end immersed in the milk. The bridge had in it a 
stopcock that was kept closed during titrations. The other half 
of the chain was a saturated calomel half-cell. The same poten- 
tiometer, accumulator, and standard cell were used as in the 
hydrogen-ion determinations. 

To a 50 ec. sample of the milk cooled to the temperature of the 
measuring system was added n/10 sodium hydroxide till near 
the end-point. The electrode and bridge were then immersed 
and the potentiometer adjusted to the nuU point. Two minutes 
were sufficient for the attainment of equilibrium when the elec- 
trode was previously saturated with hydrogen. Standard alkali 
was then added slowly till equilibrium was obtained at the poten- 
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tiometer reading corresponding to pll 8.0. No diOicvilty was 
found in duplicating re.sii]ts. The end-points were checjked in a 
i(m cases 1)\' making liydrogon-ion del erniinations on t he tit I'ated 
SMnpIes with the Clark eletitrodos. 


i)i,s(n.rs.sio.\ 

Figures 1 and 2 show the results obtained. In plotting the 
curves, tlie time when the milk reached the temperature at which 
it was subsequently maintained was taken as zero time. The 
values at the left of the zero line are the values olrtaiued on the 
unheated milk. Titrat;ible acidity h.as been ])lotted as cubic 
centimeters of n/10 sodium hydroxitle solution ne(«‘ssary to lu'ing 
100 cc. of milk to pH 8.0. Hy<lrogen-ion coucentraiion has l)een 
plotted as actual normality of liydrogen ions limes lO", to avoid 
the common difficulty of grasping the magnitudes of t,he differ- 
ences between the logaiithmici values of ])11. 

The milk at tlie higher temperature (fig. 1) was visibly (so- 
agulating after thirteen liours heating. Tlie shax>e of the hy- 
drogen-ion (auicentration cuia-e seems to indicate tliat the begin- 
ning of coagulation was about- two hours earlier. The milk held 
at 95° had not coagulated when the heating was dis(«>ntinued. 
This lower temperature curve is included mainly to show the 
differences in the rates of change of hydrogen-ion coneentratioii 
and tit-ratable acidity at different temperatures. 

The explanation of previous workers that evolution of carbon 
dioxide is the cause of the initial drop in titratable acidity of 
heated milk is without doubt the true one. That this effect is 
-superimposed upon and complel-ely masks for a brief time the 
production of acid from some constituent of the milk is a point 
that has been reported only by Orla-.lensen and Plattner (2). 
Their statement that this acid comes mostly from ofisein decom- 
position and to only a slight ext-ent from lactose is supported by 
titratable acidity values on unheated and heated lactose solu- 
tions and on heated casein solutions with and without lactose 
present. They do not give titratable acidities on their casein 
solutions before heating; they do not state the technique em- 
ployed in their casein titrations; nor ia it clear to what extent their 
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casein was identical with the casein of fresh milk. We propose to 
attack this problem from a different angle and hope to corrobo- 


0.00 16' 


4 6 8 10 

Time, hours. 


12 14 IS 


Fig. 1. Effect of Heating at 101.6°C. on the Hydeogbn-ion Conobnteation 
AND ON THE TiTEAEDE AciDITY OF MlLK AT 95° 

rate or to disprove their conclusion on a somewhat more sub- 
stantial basis. An explanation of the reversing curvature of the 
titratable acidity curve during the first twelve hours heating may 
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be easier when the source and identity of the acids formed is more 
firmly established. It shoidd be noted that the rate of production 



Fia. 2. Effect of Hbatinq at 95“C. on t«b Hy«eoo»n-ion Concbntratiom 

AND ON THE TITKATABLE AcIDITY OF BoIDBD MIDK 


of acid at 95° is much less than at the boiling temperature, but 
the curvature for the first fourteen hours at 95° is comparable 
with that for the first seven hours at 101.5°. 
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The decrease of the titratable acidity after twelve hours boiling 
represents the change in acidity in the fluid portion from which 
increasing amounts of coagulum have separated. Titration of a 
sample of the curdy portion, which had separated roughly from 
the supernatant fluid at the end of the run, gave a titratable 
acidity value of 50.9 cc. n/10 acid per 100 cc., showing that the 
acid concentrates in the curd, probably by adsorption. 

The increase in the hydrogen-ion concentration caused by 
heating sldm milk is fairly regular, as might be expected from the 
assumption that it is the result of the interaction of the buffer 
system of the milk with acids that are being produced at a fairly 
constant rate. During the early stages of coagulation there is 
evidently a considerable increase in the buffering power for a 
short time. The hydrogen-ion concentration then reestablishes 
itself on a sharper slope, and at the end of sixteen hours has 
reached a point which it would have reached had it continued 
smoothly at the curvature it was following during the first eleven 
hours of heating. The decrease of hydrogen-ion concentration 
which takes place when heated milk is allowed to stand at low 
temperatures, and which has been previously noted, was ob- 
served. Samples which stood in the ice-box for about twenty- 
four hours showed a decrease numerically equivalent to the 
increase caused by two hours heating. This would indicate a 
shift of buffer equilibrium with change of temperature. The 
magnitude of this reversion is so small that it is of only theoretical 
interest. 


CONCLUSIONS 

The heating of skim milk at temperatures near the boiling 
point causes first a drop and then a rise in the titratable acidity 
of the milk. The hydrogen-ion concentration increases contin- 
uously. The initial drop in titratable acidity has been shown 
by previous investigators to be due to loss of carbon dioxide from 
the milk; the increases in titratable acidity and in hydrogen-ion 
concentration are due to the formation of acids from certain con- 
stituents of the milk. During coagulation, the rate of change 
of hydrogen-ion concentration is considerably lessened due to 
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buffer readjustments not yet explained in detail. At tlie Sfune 
time, there is an uneven distribution of the free acnd !>et,\veen (fie 
whey and the curd, due proljably to udsorption of (he acid !),y the 
curd. 

The amount of acid produ(;(.ion is dependents on tioih time and 
temperature of heating. We do not; agree entirely with prinfous 
workers as to the sonnies of the acid, and shall jiresent, in a, future 
paper experimental data bearing on the nataire of (fie chemical 
reactions involved. 
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AN APPRECIATION 


A distinct tribute was paid Dr. C. H. Eckles, Head of the 
Dairy Department, University of Minnesota, during Farmers’ 
Week when the Eekles Club, composed of his former students, 
presented an oil painting of their "Chief.” This portrait was 
unveiled arid hung in the new dairy building of the University 
on January 22. 

The presentation was made by C. M. Long of the Blue Valley 
Creamery Institute, who fully expressed the sentiments of the 
club when he said: “The members of the Eekles Club feel that 
they owe a debt of gratitude to their Chief bigger than they 
will ever be able to pay. Desiring to express in some small way 
this debt, they have had this portrait painted.” 

Dr. Eekles’ former students may be found wherever dairy 
cows are milked and dairy products are manufactured. They 
are engaged in all branches and in all phases of the dairy in- 
dustry. In his teaching and investigational work, first at the 
University of Missouri and later at the University of Minnesota, 
he has had greater influence on the practice and profession of 
dairying than any other living man today. 

The sole purpose of the Eekles Club is to meet once a year 
at the National Dairy Show for a friendly get-together and to 
receive counsel and advice from the “Chief.” There are now 
about 115 members and the membership is increasing at the 
rate of about five each year. 

Dean W. C. Coffey of the College of Agriculture, University 
of Minnesota, in accepting this portrait for the University made 
the following statement: 

I doubt if any other man in agricultural education now or in the 
past has trained as many men who have risen to responsible positions 
as has Professor Eekles. His standing in the educational field as it 
related to dairying is unequaled and his influence in that field now is 
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profound. He is quiet, unassuming, always modest, always cheerful, 
always fair. His power lies in keeping his well trained mind at work 
on objectives he clearly understands, and in giving all he has to his 
position and to the young men who work and study under him. With 
him the course of friendship runs deep; it is never ephemeral with 
him, and he never uses superficial methods to get it. 

In these young men who constitute the Eckles Club, ho lias accumu- 
lated great riches which will continue to grow as he unselfishly shares 
them with the world. How paltry is mere money beside them! It 
is with this feeling, — ^a feeling, by the way, to which every member of 
the faculty on this campus would instantly subscribe — that I accept 
this portrait for the Department of Agriculture, University of Min- 
nesota. 



ANNUAL MEETING OF THE AMERICAN DAIRY 
BCIENCK ASSOCIATION 


The twenty-first amvual convention of the American Dairy 
Science Association will be held at Detroit, October 8 and 9. 

The Book-Cadillac Hotel will be association headquarters 
and there all meetings will be held. Single rooms are $4; doubles, 
16. Other good hotels are the Wolverine, Tuller and Fort 
Shelby. 

Here are the high points in the meetings : 

October 8: Morning; general meeting, addressed by Pres. 
Butterfield of the Michigan State College. 

October 8: Afternoon; sectional meetings. 

Octobers: Evening; banquet, address by Secretary of 
Agriculture Jardine, and Judging Contest 
awards announced. 

October 9: Morning; general session. 

This is Going to be a Big Show. Besides the usual attrac- 
tions of the National Dairy Exposition, the greatest trade 
exhibit in the history of the country will be staged. Several 
convention records will be broken. Let’s all go and make it a 
record breaker for the A. D. S. A. 

Faithfully, 

G. C. White, 
Secretary-Treasurer. 

PROGRAM 
Gbnbhal Sbssion 

BOOK-CADILLAC HOTEL, DETROIT, MICH, 

Friday, October 8, 1688, 9:00 a.m. 

Call to Order by President 0. E. Reed, East Lansing, Mich. 

Reading of Minutes by Secretary G. C. White, Storrs, Conn. 

Secretary and Treasurer’s Report G. C. White, Storrs, Conn. 
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Appointment of Nominating Committees. 

Divisional Reports: Eastern Division, Southern Division, Western Division. 
Reports of Standing Committees. 

Address Dr. Kenyon L. Butterfield, East f Lansing, 'Micdi. 

Discussion: The Development of the Work of the Aiiicrican Dairy Scie!i<‘e 
Association. 

CKNERAli HeSSIOW 
BOOK-CADinLAO HOTEL 

Saturday, October 9, 19i^6, 9:00 a ml 

Gail to Order by President 0. E. licked, East Lansing, MJeh. 

Report of Sections: 

Section I C, 0. Hayden, Wooster, Ohio 

Section II A. C. Baer, Stillwater, Okla. 

Section III A. J. Cratiun*, Madison, Wise. 

Section IV Q. ’E. Wylie, Knoxville, 

Cornmi 1 1 ee Ilep oj-IkS . 

Banquet 

NEWCOMB lONDICOTT TEA BOOM 

Friday, Octoher S, 1920, 0:30 p.m. 

Toastmaster II. F. Judkins, Springfield, iXLiss. 

Address Hon. W. M. Jardinc, Secretary of Agriculture, Washington, I>. (k 

Announcement of Awards and Presentation of Pris^es in the Inter(JoUc?giaiie 
Judging Contests. 

(Banquet tickets $1.50 per plate) 

PROGRAM 

S EC TIO N I . P no D UCTIO N 
Friday, October 8, 1920, 2:00 p,nL 
C. C. Hayden, Ohio, Chalrnmn 
O. (L Schaefer, Minnesota, Secretary 

What we know about controlling abortion disease /Dt^an G, (L White, Storrs, 

Conn. 

What experimeiits to date show about rnineralH for dairy cujwh 

Dr. E. B. Forbes, Director, Institute of Animal Nutrition, Stai(.i C.-oHege, Pa. 
Report of committee on future (Cooperative work in mimTal iiivt‘.sl;igafh»ns 
Dr. E. B. M'eigs, Bureau of Dairy Industry, Washington, I). Ch 

Business. 

Reports of Judging Committee, at banquet. 

Section IL MANtrFACTUiiwa 
Friday, October 8, 1920, 2:00 p.w, 

A. 0. Baer, Oklahoma, Chairman 
C. I). Dahle, Pennsylvania, Secretary 
Call to' Order by Chairman 
Reading of Minutes by Secretary 
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Reports of Htanding Committees: 

National Contest for Jiidj»:mg Dairy Products R. B, Stoltis 

Score Cards and Le^al Standards. J, H. Frandsen 

(dimiical Methods of Testing? Dairy Products A. C. Dahlherg 

Methods of Determining Milk Solids-not-fat H, C. Troy 

Testing let'- Cihmiiu for Total Solids R. C. Fisher 

C,)Jfieial Metliods of TeslJng Milk and Cream P. W. Bouska 

I'iaeteriologie.al Methods R. S. Breed 

fa) Suli-Committee on Ice Cream A. C. Fay 

College Creameries.. C. L. Roadhouse 

Economic Phases of the Dairy Industry Roy C, Potts 


The effcjct of processing on the dispersion of fat in an ice cream mix 

Win. H. E. Reid, Columbia, Mo. 
Discussion: Relation of sugar to overrun and quality 

P. L. Lucas, East Lansing, Mich* 
Discussion: Some new developments in ice cream making 

IT. H, Sommer, Madison, Wis. 

Body of Butter E, S, Guthrie, Ithaca, N. Y. 

DiBCUssion— (a) Body as it affects moisture holding (piality — F, W. Bouska 

(I)) ElTect of working on the body, etc 0. F. Hunziker 

Uniformity of methods of manufacture of cottage checise 

Carl E. Lee, Gridley Dairy ('h)rni)any, Milwaukee, Wise. 
Discussion: Preservation of cottage and cream cheeses in vacuo 

J. M. Sherman, Ithaca, N. Y. 
Discussion: Cream Cheese.s A. 0. Dahllierg, Geneva, N. Y, 

Bkctioiv IIL Advancisd Registry 
Fridat/, October S, 19^6, ^:00 p.m. 

C. Elmer Wylie, Tennessee, Chairman 
W. E* Petersen, Minnesota, Becretary 
MIiiuteB of last meeting. 

Report of Breed’s Relation Committee. .M. H. Campbell, Chairman, Illinois. 

Report of Investigation Committee.... Roy Harris, Chairman, WiBConsin* 

History and Trend of Official Testing Dr. C. H. Eckles, Minnesota. 

The Ayrshire. Herd Test Flan 

C. db Conklin, Secretary, Ayrshire, Breeders Aasociation 

8ii|)erv.iHing the Herd Test Plan Prof. P, £?>. Williams, Pennsylvania 

Remarks by Breed Association Representatives: 

American Jersey (,!1attle Club 
American Guernsey Cfattlo Club 
Ayrshire Breeders Association 
Brown Swiss Cattle Breeders Association 
Dutch Belted Cattle Association of America 
Holstein-Priesian Association of America 
Shorthorn Breeders Association 
Reports of Special Committees* 

Election of Officers* 

Section IV. Extension 
(Program has not been received.— 
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The following is a list of the membership of the American 
Dairy Science Association for 1920. Any member wliose name 
does not appear in this list should cornmunicfate at the earliest 
convenience with Secretary G. C. White, Ston'S,Conn.--~Editor. 


Abams, C. F 5014 E. Seventh Street, Kansas City, Mo. 

Adams, David P Department of Agriculture, Nashville, 

Teon. 

Addington, L. H Michigan Agricultural College, Kast Lans- 

ing, Mich. 

Addy, E. H Allegan, Mich. 

Allen, C. L Cornell University, Ithaca, N. Y. 

Altwbgg, C. A Gluckskille MEchgeHclIschafi, Neustadt in 

IloLstein, Gernmny 

Andekbon, E. 0 Dairy Department, Storrs, Conn. 

Anthony, E. L Morgantown, W. Va. 

Arey, J. A Dairy Extension, iState College, Ealcigh, 

N. C. 

Ashteoth, Frank B 1437 Chelmsford Avenue, iSt. Paul, Mum. 

Atkeson, F. W Dairy Department, M',oscow, Idaho 

Baer, A. C Dairy Department, Stillwater, Okia, 

Baltzbe, a. C Dairy Department, East Lansing, Mich. 

Bauman, A, W 212'- 18 Curtis Street, Chicago, III. 

Beam, A, Leland State College, .Pa. 

Beohdel, S. I State College, Pa. 

Becker, II. B. Dairy Department, Oklahoma A, A M. 

College, Stillwater, Okla. 

Beckman, H. C. .600 Jackson 'Boulevard, Chicago, III, 

Bele, Frank .University of Minnesota, St. Paul, MiruL 

Bell, R. W — 1357 Park Road, Washington, 1). C. 

Bendixen, H. A .Moscow, 'Idaho 

Bbnnetch, P, B. .State Department of Agritmlture, Trenton, 

N. J. 

Bbnnbitt, Frederick W Georgia State College of Agriculture, 

Athens, Ga. 

Bbsemer, A. M.. Golden State Milk Products C oinpany, 

425 Battery Street, San Francisco, Calif, 

Bierman, Harlow c/o Experiment Station, College Park, M,d. 

Bigelow, A, P .Middlesex, Vt. 

Bobhe, j. W ....Dairy Department, Stillwater, Okla. 
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liORLANi), A. A... Dairy Department, State College, Pa. 

.Boiidewynh, Celestin R. R. 1, Box 145, Westwood, N. J. 

Bo us K A, ,F. W Beatrice Creamery Company, 1526 State 

Street, Chicago, III. 

Boy'kh, a. II New Haven Dairy Company, New Haven, 

Conn. 

liiiANDT, (^A,uu A 754 North Avenue, Bridgeport, Conn. 

BiiANOT, P. M Oregon Agricultural College, Corvallis, Ore. 

Brannon, J. AT Dairy Department, Univei’sity of Illinois,. 

Urban a, 111. 

Bree.!), Roueht S Geneva, N. Y 

Brew, .James I). Dairy Department, Cornell University, 

Ithaca, N, Y. 

Brioham, D. S St. AlTianw, Vt. 

Britt, A. City Consumers Company, .Paducah, Ky. 

Brody, Samitri.. .Dairy Building, Columbia, '.Mo, 

Brown, IIamivin L Extension Dairyman, Gainesville, Fla. 

Brown, Luoiub P Elwell Farm, S})ring Hill, Tenn. 

Brown, E. W Agricultural C/ollege, Winnipeg, Can. 

Brownkle, 8. J State College, Pa. 

Bryan, 'K. V Dairy Department, W. Lafayette, Ind. 

'Buchanan, 'F. A Blacksburg, Va. 

Burdiok, Howland Rhode Island State College, Kingston, R. I. 

Burke, A. D Dairy Department, Stillwater, Okla. 

Burnett, J. E Michigan Agricultural College, East Lans- 

ing, Mich, 

Bubh, M. G Cuba, N. Y. 

Button, F. C 206 Prospect Street, Ithaca, N. Y, 

Cade, L. S, Climax Creamery, Shawnee, Okla. 

Caine, Geo. B Logan, Utah 

Campbell, G. R.. c/o Campbell Products Company, North- 

field, Minn. 

Campbell, M. H... Dairy Department, Urbana, 111. 

Campbell, T. C Lumbervillc, Pa. 

Campbell, W. J State College, Pa. 

Canon, R» X).... Purdue University, W. Lafayette, Ind. 

Cave, XL W Dairy Department, Manhattan, Kan. 

CiiUMLEA, Leon W X.<ebanon, Ind. 

Clark, RoB.KttT I — Castle Ice Cream Company, Perth Amboy, 

N. J. 

Clark, R. B .County Farm Bureau, Huntingdon, Pa. 

Clbvengbe, W. L Dairy Department, State College, Raleigh, 

■ N. C. 

Clutter, J. G.... College Station, Texas 

CoHBM, C. I 1211 Arch Street, Philadelphia, Pa,, 

CoLMAN, XL N Dairy Department, Corvallis, Ore. 

Combs, W* B.. University Farm, St. Paul, Minn. ^ 
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CoNKMr^r, C. T.., Ayrshire Breeders^ Association, Bramlon, 

Vfc. 

Connelly, R.. G Storrs, Conn. 

Cook, Alfred Plairisboro, N, J. 

Cook, A, 0 AKricult-nro C>>llegc, Joneslioro, Ark. 

Corbett, L. S Orono, Maine 

CiovMEii, A. J Uiuversity of Wisconsin, Miulison, Wis. 

Ctjmmin(w, O. AI Peterboro, N. 11. 

Cunningham, O. C.. Dairy Department, State Co11c‘|LU^ New 

Mexico 

Cunningham, W. S University of Arizona, Tuscoii, Ariz:, 


Dahlbero, a. C 

Dahuberg, a, O 

Dahle, Chester D 

Daroer, H. C 

Darnell, A. L 

Davis, H. P 

Dennison, H. E 

De Pew, H. P 

Dice, J. R 

Doan, F. J 

Dorsey, L. M 

Drain, Harry D 

Drumn, G. M 

Dunne, J. 

Dvorachek, IL E. 

Dyer, S. W 


. Experiment Station, Geneva, N. Y. 

.175 Franklin Street, New York City 
.Dairy Department, State Collc|i;e, Fa. 

.Blue Valley Creamery Coinijany, Chicago, 

111 . 

.College Station, Texas 
.Dairy Department Agriculture (College, 
Lincoln, Nebr. 

.A. J. C. C., :m W. 21(1 street, New York 
.State College, Durham, N. H. 

. Agriculturti <.k>llege, Nortfh Dakota 
.Dairy Department, St»ate C'olicge, Pa. 
.Dairy De'i>artment, Orono, Maine 
.Ohio State University, Colimibiis, Ohio 
.Agriculture College, Davis, Calif. 
.Hazelwood Ice Cream CJompany, E. 0th and 
Main Street, Portland, Ore. 

.Fayetteville, Ark. 

.69 Reservoir Street, I4awri3nce, Maas. 


Eckles, C. H .University 'Farm, St. Ikuil, Minn, 

Eckelman, Charles lOOl-TOOO .Behnont Street, Portfland, Ore, 

Ellbnbbrgkr, li, B Burlington, Vt. 

Ellington, E, V Dairy Department, Pulliniwi, Wash, 

Elting, E. C .'Uiuversity Missouri, (kduinhia, M'o. 

Fabian, F. W ICast Lansing, Mjcli. 

Faircihild, L, H ....Purdue UnivcrHiiy, Lafayette, Incl. 

Fay, a. C .Manhattan, Kannas 

Fibhee, R. C — c/o French Bros. J.iaiier Comfmiiy, Cliicin* 

nati, Ohio 

Fisk, W. W Cornell University, Ithaca, N. Y, 

Fitch, J. B Department of Dairy lliisbandry, Man- 

hattan, Kansas 

Fitts, E. B State College, ?a. 

Folgbe, Arthur Davis, Calif. 
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Foebks, E. B State College, Pa. 

Fouut, I). Ij University of Extension Division, Boise, 

Idaho 

Fuanosen, J. H Massachusetts Agricultural College, Am- 

herst, Mass. 

Fhahkr, W. J ....Urhatia, 111. 

FiiKVEHT, Vu 1C. Newman, Calif. 

C. W c/o Minnesota Co(;{)erativ6 (dreamery 

Association, Alinneapolis, Minn. 

Fuller, J. .M.. New Hampshire College, Durham, N. H. 

Gamble, J. A 4001 Hillsdale Hoad, Baltimore, Md. 

G'ANiVON', 1C A Purdue University, Lafayette, Ind. 

Gardner, ''M. H .Delavan, Wis. 

Gauou, Cijaw, H 4r);j() N. .I6th Sti'eet, Philadelphia, Pa. 

G AYLOHi), L. 1C Delaware Avenue and Chestnut, Phila- 

clel{)hia, Pa, 

Gevruart, (C ll State College, Pa. 

Gifford, Warren Dairy Department, Morgantown, W. Va. 

Girrbaoh, Geo Dairy Department, ICist liansing, Mich. 

Goldinri, N. S University of Ikitisli Columbia, Vancouver, 

British (Columbia, Canada 

G<»oi)WIN, O. T Michigan Producers .Dairy (hmipany, 

Adrian, Mich. 

Goss, C, A ’^rhe Dairy Farnu^r, Des Moines, Iowa 

('k)HH, 1C F Dairy Department, Ames, Iowa 

Gray, C. E 417 Market Street, Han Francisco, Calif. 

Green, H. 11 216 Pine Street, San Francisco, Calif. 

Gregory, H. W Agriculture Experiment Station, Lafayette, 

Ind. 

Grinnell, (C D State College, Ilaleigh, S. C. 

Ghoth, a. E State Experiment Creameries, Albert Lea, 

Minn. 

Gxi LL,R’KyoN, T, W Ilnivereity of Minnesota, St. Paul, Minn. 

Guthrie, TC S Cornell University, Ithaca, N. Y, 


Hale, Joseph C Arkon Pure Milk C{>mj)any, Arkon, Ohio 

Hammer, ,li. W .,lowa State College, Ames, ,!owa 

.Hansen, A. lb... Statens .Forspgsmejeri, Hillerpd, Denmark 

Hansen, .IC A... University of Minnesota, St. Paul, Minn. 

Harding, ,H. A Box S34, Detroit, Mich. 

Harmon, 1C M' .<',k)lumbia, M',o. 

Harpar, W. ,Hora(’E .825 Fidelity Building, .Baltimore, Md. 

Haehib, Roy T Madison, Wis. 

Harrison, Hartman K Linden Avenue and Dolphin Street, Balti- 

more, Md, 

Harvey, Samuel H College Park, Md. 

Habi^erud, IC J Dairy Department, Bogseman, Montana 

Hastings, E. G University of Wisconsin, Madison, Wis. 
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Hayden, C. C Experiment Station, Wooster, Ohio 

Hbineman, Henry E 327 S. Lasalle Street, Chicago, 111, 

Henderson, IL O. Morgantown, W. Va, 

Hbning, J. €5 New York Experment vS tat ion, Geneva, 

N, Y. 

HER 55 Ett, E. IL... Agricultural College, Miss. 

HiaoiNS, L. A Stark villa, Miss. 

HiNWiKY, R. W MOB Carlisla Avenue, lUcine, Win. 

Hinman, G. M 508 Peyton Building, Spokane, Wash, 

Holdaway, C. W Blacksburg, Va. 

Hooper, J. J Kentucky Agriculture College, Lexington, 

Ky. 

Hoover, Jessie M Dairy Division, Washington, D. C. 

Hopkins, J. V Morgantown, W. Va. 

Hopper, H. A Cornell University, Ithaca, N, Y. 

Hudson, J. H Cobham Surrey, England 

Huffman, Carl F Dairy Department, East Lansing, Mich. 

Htjggler, N. A c/oCarlGluns, Clinton Street, Galeton, Pa. 

Hunziikeu, O. F c/o Blue Valley Creamery, Chicago, 111, 

Hutton, C. A Extension Division, Knoxville, Term. 

Iddinqs, II. G Blacksburg, Va. 

Ingham, Leroy W College Park, Md. 

Jackson, H. C 610 Superior Street, Grove City, Fa. 

Jamison, M. C University of Manitoba, Winnipeg, Canada 

Jamison, Neal C Extension Division, Corvallis, Ore. 

Jewell, R. M 618 E. High Street, Mt. Vernon, Ohio 

Johnson, Robert E Storrs, Conn. 

Johnston, Floyd Iowa State Dairy Association, Dos Moines, 

Iowa 

Jones, H. M Dairy Specialist, Brookings, S. I). 

Jones, Idwal R Dairy Department, Corvallin, Ore. 

Jones, V. E (j/o J. B. Ford Company, Wyandotte, Mich, 

Jordan, IL C 716 Clcsrmont Street, Antigo, Wis. 

Judkins, IL F. . . . 134 Can Street, Springfield, Maws. 

Keegan, W. J Florence, B. 0. 

Keeney, M. H Essex County Hospital, Cedar Grove, 

N, J, 

Kelley, C. D UniverBity of British Columbia, Vanemiver, 

British Columbia, Canada 

Kelley, I'i'EANK W c/o Gridley Dairy Company, Milwaukee, 

Wis. 

Kildee, H. H. Ames, Iowa 

Knott, J. C Dairy Department, State College, Pull- 

man, Wash. 

Knox, Frederick H Portland, Mich. 
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Koch, Ieving O c/o Moore-Eoss Milk Company, ColumbiiSj 

Ohio 

Keitoer, John. State College, Pa. 

Kyle, Wm:. A Ayrshire Breeders' Association, Brandon, 

Vt. 

Ladd, Joh'n hi Department of Animal Husbandry, Kings- 

ton, R. 1. 

La Master, J. P .Clemsen College, B. C. 

Larson, C. W IKireau of Dairy Industry, Washington, 

D. C. 

Larson, C State College, Brookings, B. D. 

Larson, R. E East Lansing, Mich, 

Lataeh, li. L Hudson, Mich. 

LEHMKunn, Henry 84 ‘Exchange Street, Rochester, N. Y. 

Lxde, B. M 2008 Pine Street, Bt. Louis, Mo. 

Lindquist, Harry G Ohio Btate University, (.lolunil)us, Ohio 

Lindsey, J, B Amherst, Mass. 

Linn, J. W Dairy Department, hlanhattan, Kan. 

Little, It K..... 139 N. Clark Btreet, Chicago, 111. 

Lockwood, W. P, B.. 58 Adella Avenue, West Newton, Mass. 

Louob'aey, 229 N. 15th Btreet, Corvallis, Ore. 

Loveland, E. H 101 Henry Street, Burlington, "Vt. 

LtTCAS, P. S Dairy Department, East Lansing, Mich. 

MaoCandubii, a. C Claunch, Sorbie, Wigtownshire, Scotland 

MoCaethy, Dennib A ...1211 Arch Btreet, Philadelphia, Pa. 

McClain, J. H. IJ. S. B. A., Washington, JX C. 

MuDowkll, J. C Bureau of Dairy Industry, Washington, 

D. C, 

McInkrney, Thob, j. Dairy Department, Ithaca, N*. Y. 

McjIntyee, Howard H P. 0. Box 819, Detroit, Mich* 

McLj^^an, j. a 80 E. Jackson Btreet, Chicago, III. 

McWhorter, G, E Milledgeville, Ga. 

Macy, Harold..... University Farm, St. Paul, Minn* 

Manhart, V. 0. Dairy Department, West Lafayette, Ind* 

Martin, F, G University of Florida, Gainesville, Fla. 

Martin, G. L .1043 18th Avenue, B.E,, Minneapolis, Minn. 

Martin, Willarxi H Dairy Department, Manhattan, Kansas 

Mauohan, M. 0 901 S. Michigan Avenue, Chicago, III 

Mead, Dbvoe, University of Maryland, College Park, Md. 

Mead, Sylvbbter W Agriculture Bxperment Station, Davis, 

Calif* 

Mmos, E, B 1445 Rhode Island Avenue, Washington, 

D, C, 

Meister, Albert 315 16th Street, Sacramento, Calif. 

Mitamura, a Imperial University, Sappora, Japan 
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MtYAWoivi, Atsijshi hnporin.1 Un Ivors if-y, Sayspora-, Jafnaii 

.Mopfitt, H. .Monticollo, Ark, 

MonkaI)^ K. J .C^ir. Hanson’s Lahoraior.v, Jnc., Liif.lo Fa, Its, 

N. V. 

M'onuoh, (,k 1<' \Vtn).s{.(M\ Oliio 

AIoorio, J, S Aa'rioultural (N>l!op'o, Miss. 

MoH'iiisoN, F. B rin'v. oC Wisconsin, Xhutison, Wis. 

Morrow, Ivknnfth S (■l<;ins(ni ColFaw, 

AIottTKNfSKN, i\i Afuos, I.owa 

A'Tokton*, Elmer J EasFhfunpi.on, Mass. 

AIokton, Oeo. E. Kurt (kjllins, ('k)lo, 

Moseley, Thomas W... EArperhuent Farm, Huntley, Alori 10410 . 

Mhbge, Coithtlant) Davis, (kilif, 

M'unn, ‘M. D VHO S. Michi.iuui Avenue, (’hira,i!:o, III, 

A'luiiRAY, Pbroey Klamath Falls, t)re. 

Mhsser, Karl B Pcicrtioro, K. H. 

Naeis, Loxtxs F r>44 Washiimtou lioulcvanl, < IhicjiKo, 11!. 

Neal, Wayne M Dairy D<ipjirtnmnt, Ht. Paul, Minn, 

Nelson, J). H University Farm, Davis, (kxlif. 

Nelson, J. A 'Montana State Colleixen liozeinan, Mont. 

Nevens, W. B AKricultural (loIll'ixtL Frlauia, 111, 

Nbwlander, j. a 101 Brooks Av<‘mi(% liurlin^ton, Vt. 

N.EWLIN, George M (lorunn Farms, Fon clu luic., Wis. 

Norton, J, B Hartsville, S. G. 

Norton, II. W Lansing, Mich. 

NysTiiOM, A. B 1810 G Street, N. W., Washington, D. (k 

Olmbtead, ll. H Dairy Department, State (kiliege, Iki. 

Olson, Norman E e/o Wichita (h-eamery Com|>any, Wicliita, 

KarisaB 

Olson, T. M Brookings, S. I>. 

Parfitt, Ifk H Purdue University, West Lafayd.te, IruL 

Parker, Horatio N .'Main and Orange Streid'.s, ihicksonvilhi, Fla. 

Parker, Joseph B Dairy 'Bureau, Wanhington, D. Ck 

Pearson, Nevels .Assistant Htate Oluti lAUidcr, Ea,st liaiising, 

Midi. 

Pearson, B. A. College Park, Md. 

Perkins, A. E Wooster, Ohio 

Perry, E. J Now Brunswick, N. J, 

Petersen, W. E University Farm, 8t. Paul, Minn. 

Pomeroy, Carl T Health Officer, Montclair, N. J. 

PoTTB, Roy C Washington, D. (1 

Feioe, W. V Cornell University, Ithaca, N. Y. 


Quigley, J, V 


.521 Hall Building, Kansas City, Mo, 
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Ragsdale, A. C University of Missouri, Columbia, Mo, 

Randolph, W, C R. F. D. 1, Royersford, Pa. 

Reed, O. E East Lansing, Mich. 

Regan, M. J Dairy Department, Columbia, Mo. 

Regan, W* M Agricultural Experimental Station, Davis, 

Calif. 

Hen NEK, K, M Dairy Department, Manhattan, Kansas 

Riddell, W. H M'anhattan, Kansas 

Eishoi, a. II State College, Pullman, Wash. 

Roadhouse, C. L University of California, Davis, Calif. 

Robbers, WaIjTbr New Jersey Agricultural Stations, New 

Brunswick, N. J. 

Rogers, L. A Bureau of Dairy Industry, Washington, 

D. C. 

Robb, H. E Cornell University, Ithaca, N. Y. 

Rijbhe, H. a College of Agriculture, Urbana, 111. 

Rufenee, R. H State College, Raleigh, N. C, 

Bammis, j. L Madison, Wis. 

Schaefer, 0. G University Farm, St. Paul, Minn. 

Scott, IC. C East Lansing, Mich. 

Scott, Geo. W University of Alberta, Edmonton, Alberta, 

Canada 

Sharp, Paul F Cornell University, Ithaca, N. Y. 

Shepherd, J, B Bureau Animal Industry, Ardmore, S. D. 

Shbriden, Martin, Jr Blossom Hill Farm, Lebanon, N. J. 

Sherman, J, M Dairy Industrial Building., Ithaca, N, Y. 

Bidelmann, H. 0 State College, Pa. 

Simms, J. A Storrs, Conn. 

Simons, D. T Route 3, Fort Worth, Texas 

Skinner, W. E 010 S. Michigan Avenue, Chicago, III. 

Slater, Edward K.. 6th and Cherry Streets, Milwaukee, Wis. 

Smith, R. W Dairy Department, Amherst, Mass. 

SoMMBE, H. H — Dairy Department, Madison, Wis. 

Spebnkle, P. H Purina Mills, St. Louis, Mo. 

Stewart, Duncan... Bureau of Dairying, Washington, D. 0, 

Stewart, W, R. Russell ville, Ark. 

Btolto, II. B Ohio State University, Columbus, Ohio 

Bupplee, G. C Dry Milk Company, Bainbridge, N. Y. 

Butermeisteb, L. A F. O. Box 044, Dayton, Ohio 

SwBTT, Walter W United States Department of Agriculture, 

Washington, D, C. 

Swope, W. D .State College, Pa. 

Taylor, George A State College, Fa. 

Taylor, Geo. E. East Lansing, Mich. 

Thom, Charles Department of Agriculture, Washington, 

D. C. 

Thurston, L, M .University Farm, St. Paul, Minn, 

Tobias, James Henry Storrs, Conn, 
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Tektsvkw, J. 0.. Alontana State College , Bozeman, 'Mont. 

Trout, ‘Maloolm G Morgantown, W. Va. 

Troy, H. C Cornell Ithaca, N. Y. 

Turnbow, fh 1) IlniverHity of C'alifornia, Davin, Calif. 

TTtenbii, (‘Ihas. W Dairy Department, Coliiiril)ia, 'Mra 

IJrnee, 'F. G 1,751 Chambers Street, Nc;w Y«>rk <Hiy 

Van IjANGb, Oboak Guadahxpe, Calif. 

Van Norman, H. Ill 910 Mieliigan Avenue, Clheago, III. 

Van vSlykb, L. L Geneva, N. Y. 

Walts, Gharlbs C University of Arkansas, Fayetteville, Ark. 

Washburn, 11. M 22519 Gordon Avenue, St. Paul, Minn. 

Waters, R. E.. Chamber of Commerce, Spartanluirg, S. 0. 

Weaver, Eari. Ames, Iowa 

Weber, Clarence W UniverBity of MisHouri, C(sluml>i.a, 'IMo. 

Weld, Ivan C Chestnut Farms Dairy, WaHhingt«)n, D. C. 

Wells, J. G., Jr Marquette, Mich, 

White, G. C Storrs, Conn. 

White, William. Dairy Division, WaHhington, I), C. 

Wilbur, J. W Purdue University, West liafayetie, Ind. 

Wilkinson, 11. L State College, Orangel'mrg, S. C. 

Williams, G. A Purdue University, West Lafayette, inti. 

Williams, V. M c/o Dean of Men, Minneapolis, Minn. 

Wing, H. H Cornell University, Itlmc-a, N. Y. 

Wing, Raymond E Storrs, Conn. 

WiNKJER, J, G Dairy Division, Washington, D. C. 

Wylie, C. Elmer University of Tennessee, Jvnoxville, Tenn. 


The Association now has 326 memliers. While tiiis is the 
largest membership in its history, the list is far to small to be 
commensurate with the economic importance of t,he industry ^ 
and the vastness of its problems. The Agronomists, the Horti- 
culturists, and many other similar grou|)s, far outstrip us in 
membership enrollment. We have arrived at a point where 
personal work is necessary for further expansion. In a few 
institutions almost every eligible person is enrolled^ while in 
others we scarcely have representation. If each member will 
interview those with whom he has influence^ the enrollment can 
easily be doubled. This will greatly increase the tnancial 
strength of the organi 2 ;ation. Will you not consider yourself a 
committee of one to bring at least one new member? 

Faithfully, 

^ G, C, White, 
S0€reiary'^Trem%r0r* 



PERSONNEL OF COMMITTEES, AMERICAN DAIRY 
SCIENCE ASSOCIATION, 1926 


Section I. Production 


students’ judging contest 

W. W. Swett, IJ, 8. D. A., Ckmmum 
A. A, Borland, Pennsylvania F. A, Buchanan, Virginia 

J. B. Fitch, Kansas 8. M, Salisbury, Ohio 

W, W. Yapi), Illinois F. Ely, Iowa 

F. W, Atkeson, Idaho 


DAIRY CATTIJ5 PLACING CARD FOR FARMERS’ JUDGING CONTEST 

H. E. Van Norman, Illinois, Chairman 
G, C. Humphrey, Wisconsin H. H. Kildee, Iowa 

W. W. Swett, U. S. D. A. 


COOPERATIVE RESEARCH IN MINERALS FOB DAIRY COWS 

E. B. Meigs, XJ. S. D. A., Chairman 

C, H. Eckles, Minnesota H. B. Ellenberger, Vermont 

C. F, Hoffman, Michigan C. F. Monroe, Ohio 

Section II- Dairy Manufacturing Committees 


SCORE cards and LEGAL STANDARDS 
J, H, Frandsen, Chairman 
0. F. Htinziker J. A. Gamble 

L. A. Rogers W, F. B Lockwood 

STUDENT NATIONAL CONTEST FOR 
JUDGING DAIRY PRODUCTS 

R. B* Btoltjffi, Chairman 
W. H. White 0. D. Turnbow 

M. Mortenson H. W, Gregory 

ECONOMIC PHASES OF THE DAIRY 
INDUSTRY 

Roy C. Potts, Chairman 
M. Ejsekiel Paul Nyhus 

A, A. Borland C. L* Christensen 

CHEMICAL METHODS OF TESTING DAIRY 
PRODUCTS 

C. A. Dahlberg, Chairman 
R. C. Fisher H. C. Troy 


SUB-COMMITTEE ON ICE CREAM (BACT.) 

A. C. Fay, Chairman 
F. W. Fabian B. W. Hammer 

COMMITTEE ON COLLEGE CREAMERIES 

C. L. Roadhouse, Chairman 
0. F. Hun^iker P* M. Brant 

METHODS FOE DETERMINING MILKl 
SOLIDS NOT FAT 

H. C- Troy, Chairman 
0, E. Overman J. Luithley 

TESTING ICE CREAM FOR FAT AND TOTAL 
SOLIDS 

R, C. Fisher, Chairman 
H. A. Ruehe W. Fisk 
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BACTERIOI.OGICAL METHODS 

R. S. Breed, Chairman 
15, G. Hastings B. W. Hammer 
L. A. Rogers (3. S. Miidge. 


OFFICIAL METHODS FOIl TESTINQ MILK 
AND CREAM 

F. W. Bouska, Chadrnian 
L. A. Rogers A. €, Dahlberg 

H. Ck Troy A. O. DalillHirg 

Geo, 15. Holm 


Section III. Extension 
cow testing association 

A. C. Baltiser, East Lansing, IHicli.,, Chairman 
E. A. Hanson, St. Paul, Minn. Burt Oderkirk, Ames, Iowa 

James Linn, Manhattan, Kansas. 

CALF CLUBS 

A. Blrickson, St, Paul, Minn., Chairman 
W. A. McNeil, Madison, Wis. Nevels Pearson, kkist Lansing, Mich* 

BULL ASSOCIATION 

George Girrbach, East Lansing, Mich., Chairnvm 
S, Brownell, State College, Pa. M. J. Regan, Coluin!>ia, Mo. 

DAIRY FEODUCTIONS, OR MANUFACTURING 

Mr. Clevenger, State College Station, Raleigh, N. C., Chairman 
I, L, Gibson, Columbia, Mo. A. C. Baer, Agricultural College, Still- 

water, Ok la. 


FEEDING 

C. A. Hutton, Knoxville, Tenn., Chairman 
A. H. Olmstead, State College, Pa. H. E. Jamison, Url)ana, Hi. 

F. A. Buchanan, Extension Division, Blacksburg, Va. 


MILK CAMPAIGN 

Miss Jessie Hoover, Bureau of Dairying, Washington, D. 0., Chairman 
Miss Dorothy Buckley, c/o Miss Hoover; W. P. IVickwood, Boston, Mass* 
Section IV. OFFtciAia Testing 


BBBEDB RELATION COMMITTEE 

M. H. Campliell, Illinois, Chairman 
W. N. Regan, California G. C, White, Connecticut 

J. B. Fitch, Kansas A. A. Borland, PcnnHylvania 

J. R. Dice, North Dakota J, S. Moore, MisslBsippi 

0. E. Reed, Michigan L. H. Fairchild, Indiana 


INVESTIGATION COMMITTEE 


R. T. Harris, Wisconsin, Chairman 
IL N. Coleman, Oregon A. L, Darnell, Texas 

W. E. Petersen, Minnesota H. H, Wing, New York 

Oscar Erf, Ohio 



BOOK BEVIEW 

('.'JoNDiON'SKD MniK ANi> ]\Ti,i.K PowDioB—a iicw and completely re- 
¥ise(i edition by ProfcBSor Otto F. Hunziker-— is just off the press. 
This work is tiiorougli and eoniprehexisive as is everything from the 
pen of Professor lliinziker. 

The luitlior treats exhaustively all phases of sweetened condensed 
milk'- -unsweeteiied condensed milk -“"'milk powder-"" and dry butter- 
milk. He descril>es methods of manufacture — causes of defects' — 
keeping qtiality- and best methods of marketing of all these products. 

The popularity of tliis book may be judged by the fact that this is 
the foiirtli edition^ the three previous editions having long since been 
exhausted. The book is the most important contribution on the 
condensed milk and milk powder industry. It slioiild be in the lil)rary 
of the teacher, the student or factory man interested in any phase of 
the condensed milk and milk powder industry. Copies can be secured 
direct from the author at LaGrange, Illinois. 
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STUDIES ON YEASTS IN DAIRY PRODUCTS 
I. liELATlONSIIIPS OF YEASTS TO DAIRY PRODUCTS* 

B. W. HAMMER 

Dairy Deparlmcnt, loiva State College^ Amesj Iowa 

The budding organisms found in milk and its various deriva- 
tives are becoming of increasing concern to investigators inter- 
ested in dairy products. While the Imo-ftm importance of these 
organisms in causing certain undesirable changes, such as the 
formation of gas in cream and in sweetened condensed milk, 
accoxints in part for this, their possible relationship to abnormal 
conditions in cream not yet definitely ascribed to any particular 
organism, to the deterioration of butter, and to various other 
undesirable changes makes their study very necessary. 

The ability of yeasts to grow under conditions that must be 
considered unfavorable for the growth of many bacteria is one of 
the reasons for their importance in dairy products. Certain 
types of molds can also withstand severe conditions such as high 
acid, dearth of water, etc., in the materials on which they are 
growing but their air requirements limit their growth in a way 
that the development of certain yeasts is not limited. Moreover 
the growth of molds, because of their development only in rather 
close contact with air, is usually readily evident on observation. 

A number of yeasts grow in the presence of large amounts of 
acid. If the temperature is suitable certain yeasts can grow 
rapidly throughout a can of old fermented cream in which the 
growth of many types of bacteria has been stopped by the acid 
concentration, and, as a result, abnormal flavors and odors due 
to yeasts are extremely common in the cream coming to the 
creameries to which cream is shipped for considerable distances. 
The acid tolerance of yeasts also enables them to grow on acid 
curd cheeses, such as cottage and neufchatel, on certain cheeses 
in which ripening occurs, such as camembert, in starters, etc, 

* Received for publication June 9, 1926. 
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On some of these materials, especially acid (!urd clieesea and 
starters, definite colonies or areas of growth may be formed when 
the products are held at temperatures that are at all favorable for 
growth. The lactose-fermenting yeasts are of partitailar impor- 
tmice in acid cream because they pr(Klu(;e gas undtir conditions 
that rather effectively limit the growth of other gas-pro<lucing 
organisms; they cause serious losses, not only from the influence 
they have on the flavor and odor of the material but also liocause 
the gas commonly forces cream from the cans, fn certain types 
of cheese, such as Swiss, the lactose-fermenting organisms also 
sometimes cause serious losses by in-oducing a swelling of the 
product. 

Some yeasts not only tolerate considerable aci<l Imt are actually 
favored by it and grow better in sour milk than they do in sweet 
milk. With certain forms the produ(;tion of objccdionable odons 
occurs much quicker and is more promnmeed in milk which 
contains some lactic acid, either a<lded as snch or protiucod by 
S. lactis, than in milk of the same lot without acid. 

Other factors that are ordinarily considered to limit tiio growth 
of microdrganisms seem to have less effect on yeasts than on many 
other forms. Certain yeasts grow in high concentrations of 
NaCl and while some types of bacteria do the .same thing, these 
latter organisms apparently are not of importance in dairy 
products. The production of gas in sweetened condensed milk 
in which the sugar is often supposed to i)revent the growth of 
organisms is commonly due to yeasts. Although certain cocci 
cjm grow in sweetened condensed milk, their growth is compara- 
tively slow and is of much less importance lieeause of tluur usual 
failure to produce significtint changes. 

Unfavorable conditions do not seem to result in the <lostruction 
of yeasts in the way they do many b!M)teri;r. I'^or exiunple in 
butter held for considera!)le periods juany of the t)actoria may 
have died out while the number of yejists may remain compara- 
tively high and be equal to or larger than the original count. 
Certain cocci of course also have the ability to resist the conditions 
found in butter. In laboratory cultures, yeasts are commonly 
found in a living condition when the medium is dried until there 
is only a small amount along the wall of the tube. 
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The large size of yeast cells ia comparison to that of bacterial 
cells suggests that a smaller number of cells would be present in 
material that had been fermented by yeasts than in material 
fermented by bacteria. This has been found to be the case and 
accordingly the isolation of yeasts from material showing an 
abnormal condition due to these organisms requires much less 
dilution than if bacteria are being isolated. When bacteria are 
present, as they are very likely to be in dairy products, and the 
plates are poured so as to give the usually desired distribution of 
colonies with these organisms, the yeasts may be largely missed. 
The common procedure is to restrain the bacteria by some such 
method as the addition of acid and then plate heavily enough to 
give a satisfactory number of yeast colonies per plate. The 
acidity which will restrain bacteria and allow yeasts to grow is 
however not definite. One cubic centimeter of a 1 per cent tar- 
taric acid solution per plate (of 8 to 10 cc. of media) is commonly 
employed with quite satisfactory results but it does not by any 
means entirely limit the growth of bacteria. As amounts of acid 
above this are employed there is a gradual falling off in the num- 
ber of yeast colonies developing and it seems that any reasonable 
amount of acid — that is one which will allow a good development 
of yeasts — will also allow the development of certain types of 
bacteria. Most of the bacteria encountered in yeast isolations 
however are types whose colonies can readily be distinguished 
from yeast colonies since these in general admit of the individual 
cells being seen along the edge of the colony with the low power 
of the microscope. Occasionally colonies of large cocci may be 
mistaken for yeast colonies but stained preparations quickly 
show the error by the lack of budding cells and by the smaller 
size. 

The yeixsts common in milk and its derivatives cannot be 
looked upon as types peculiar to these products. Although 
yeasts have been found in milk drawn aseptically, in general 
these organisms get mto milk after it leaves the udder so that 
there must be sources of them about the stables, milk houses, 
etc. The yeasts common in dairy products are accordiugly to 
be expected in other materials which have not been studied m 
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any detail from the standiioint of their flora, because they are 
products whose value is not readily influenced by microorganisms. 
Since such materials are important sources of microorganisms, 
however, their flora, must eventua,lly be studied !»eforc a clear 
understanding of the yeasts of dairy prodiuits can be secured. 

A number of the yeasts common in dairy products do not pro- 
duce visible changes when grown in milk, and thivS is particularly 
surprising because certain of them are sometimes present in very 
large numbers so that growth must have taken place. Whether 
these organisms are of no significance from the standpoint of 
dairying or whether their products are of importance in the de- 
terioration of such materials as butter, etc. can only Ire iletermined 
after the organisms are better understood. 

Among the yeasts common in dairy products there are certain 
groups that seem to be clearly defined as natural groups. The 
lactose-fermenters for example stand out rpiite definitely from the 
other yeasts; these organisms are clearly separated from the other 
forms because of their gas production in milk and moreover it 
seems that this separation is particularly significant because when 
gas production occurs it is very definite, and slow or questionable 
fermentations are not likely to occur. Accompanying the gas 
production there is an alcoholic odor and, in the case of litmus 
milk, a reddening of litmus, both of which are uncommon ch:inges 
for yeasts to produce in milk. These organisms also are almost 
always present in milk or cream produced under tlie usual con- 
ditions although during the colder wetither, when their growth 
is slow if it occurs at all, consideralile anunmts of the millc or 
cream must often bo employo<l for the isolation. 

The yeasts producing a pink color, while fretpicntly found in 
materials other than dairy products, are so common in these tluit 
they are entitled to considerable attention, 'rhese organisms 
apparently are never present in large numbers in ordinary milk 
or cream but frequently form colonies on such materials as old 
cream, cottage cheese, starters that are being held, etc. The 
pink color of these forms seems always to l)e definite enough so 
that colonies can readily be detected, whether they are on dairy 
products or on some plating medium. This type is further 
characterized by the pink color occurring as a ring or sediment in 
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milk tubes and by the slow changes, other than the colored areas, 
produced in milk. 

The yeasts causing a rapid digestion of milk constitute another 
type that is cleaiiy defined because outside of this type the rapid 
digestion of milk by yeasts is not common. Moreover the 
colonies produced by these organisms are quite characteristic 
and in general the organism can readily be picked out by the 
colony alone. 

The yeasts that are responsible for the blowing of sweetened 
condensed milk constitute a definite group that is perhaps most 
clearly characterized by the ability to grow in strong sucrose 
solutions. With these types should be included other organisms 
that can grow in concentrated sugar solutions but which have not 
been isolated from spoiled sweetened condensed milk. It would 
be expected that these organisms might be of importance in mater- 
ials other than sweetened condensed milk. 

While many yeasts have been isolated from dairy products and 
described, these descriptions are not usually based on a study of a 
number of cultures from different sources that are to be considered 
as a smgle species, and accordingly the descriptions commonly do 
not take into account the variations that occur in the particular 
type. Moreover, many of the descriptions are so incomplete, 
particularly with reference to the action of the organism on milk, 
that they are of little value from the standpoint of identification. 
As a result, it is extremely difficult to isolate yeasts from dairy 
products and identify them as having been previously described 
and named. The confusion is being increased by certain investi- 
gators designating a yeast in published results by one of its charac- 
teristics such as “the rapidly liquefying yeast,” “small white 
yeast,” etc. 

The dairy section of the Iowa Agricultural Experiment Station 
has been interested in the yeasts of dairy products for a number of 
years and has published data dealing with certain of these organ- 
isms; the forms that have been considered are, however, unrelated, 
and have been investigated only because of some special signifi- 
cance attached to them. Other types of yeasts have been studied 
in more or less detail and it is planned to publish data and de- 
scriptions with reference to certain of these from time to time. 



RESULTS OF PRELIMINARY EXPERIMENTS UPON THE 

EFFECT OF SEPARATING, OR CLARIFYING, AND 

PASTEURIZING OF A MILK UPON Till] KIGCPING 

QUALITY OF ITS MII.K POWDER.* 

GEO. E. HOLM, G. R. GREENBANK, and E. F. DEYSHER 

Research Laboratories, Bureau of Dairy Industry, United Slates Dcparlmeni of 

Agriculture, Washington, D. 0. 

In a previous report of work from these laboratoiies (1)’ it 
has been shown that the treatment such as evaporation and 
homogenization, received by a milk previous to manufacture 
into powder produces marked changes in keeping quality. The 
results reported also seemed to show that increased fat content 
lowered the keeping quality. 

The observation has been .m;ule that imwdered cream possesses 
a keeping quality superior to that of a whole-milk powder. This 
appears contrary to the results reported in the publication cited. 

In seeking an explanation for this, it seemed probable that the 
only factor wherein cream differs from whole milk is that it has 
gone through a centrifuging process, or has been clarified, whereas 
whole milks do not always get this treatment prior to the drying 
process. There was a probability also that the removal of slime, 
containing leucocytes anti various enzymes, might have some 
effect upon the susceptibility of the fat to oxidation. 

KXPERIMENa’AL 

A large quantity of milk with 3.8 per cent fat coritent was di- 
vided into 3 parts. Part 1 was given only pasteurization treat- 
ment before powdering. Parts 2 and 3 were separated and all 
the slime from both was returned to sample 2. No. 3 therefore 
was the clarified sample. Parts 2 tmd 3 were treated similarly to 
Part 1 in regard to pasteurization and were then powdered. In 

* Eeceived for publication June 14 , 1926 . 

^ Presented at the Meeting of the American Dry Milk Institute, Indianapolia, 
Indiana, October 3, 1925. 
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order to make the results comparable to the usual industrial prac- 
tice, the ordinary pasteurization temperature and time were 
used (63°C. for thirty minutes). This procedure resulted in 
greater variations in the values for the different samples than 
might have been the case had higher temperatures been used. 
The samples were placed in an atmosphere of oxygen at 70°C., 
and the time necessary to cause the fat to absorb O 2 is its indue- 



T/me 'of storage 

Ifm. L Showing the Effbctt of Chakimcatxon of a Milk upon thib R»sis*i?anc» 
OF THF Fat in Its Powdee to Oxidation 


tion period for that temperature. It affords a relative method 
(2) for following the changes in the resistance of a fat to oxidation. 
Figure 1 gives the results obtained with these samples upon 
storage. 

The check sample (nonclarified) as well as the sample which 
contained the separator slime deteriorated rapidly and showed 
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off flavor after twenty-one days’ storage at room tempera, tvire. 
The clarified sample not only showed a pood resistance to oxida- 
tion (long induction period) as soon as it had been mamifa,ctnred, 
but at the end of two mouths’ storage it was sweet and in good 
condition. 

The claim is not made here that this proi>ort ionately increased 
keeping quality can be imparted to all milks by separating or 
clarifying the milk to be used; yet there is no doul)t that the keep- 



Fia, 2, Showinq Tnrci of VAHtotro TisjUFEiiATOiWH of pAB'rKtnu’ZATioN or 

A Milk ufon tiiw IliaBiiiiTANO'iii of the Fat in m Fowled to Oxioation 


ing quality can be materially improved by applying tins principle 
to the treatment of the milk. It is evident that when higher 
pasteurization temperatures are used, the proxxn'tionate effect 
of centrifuging will become less and less, since higher temperatures 
tend to lessen enzynuc activity. 

In order to ascertain the relative quantitative effect of various 
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temperatures of pasteurization, four samples of whole dry milk 
were prepared from evaporated herd milk of 3.8 per cent fat con- 
tent. The milk of sample No. 1 was pasteurized at 63°C., of 
sample No. 2 at 73°C., of sample No. 3 at 83°C., and of sample No. 
4 at 93°C., for thirty minutes each. The samples were sealed in 
baby cans and stored at room temperatures, and the induction 
period was measured from time to time. The results are indi- 
cated in figure 2. 

DISCUSSION 

The experiments with powder from clarified milk seem to ex- 
plain satisfactorily the increased stability of the fat in dried cream 
over that of the fat in whole-milk powders manufactured under 
the usual methods. The results perhaps also explain the non- 
deterioration of the small amounts of fat in skim-milk powder. 

Results of experiments by Supplee (3) which seemed to show 
that the powders of higher fat content possessed the best keeping 
quality, can probably be explained by the fact that in order to 
obtain the powders of higher fat contents, cream was added to 
the milk. Thus in increasing the fat content, a fat of superior 
keeping quality was added. 

The experiments upon clarification also put additional empha- 
sis upon storage of milk prior to its use, as well as separation of 
the cream as soon as possible after the milk is drawn. It has been 
noted repeatedly in these laboratories that butteroil isolated from 
milk held for one day is more susceptible to oxidation than is the 
butteroil isolated from the milk held less than 12 hours. These 
observations, as well as the experiments reported, indicate that 
for the manufacture of products wherein the keeping quality of 
the fat is the main criterion to be considered, the time of holding 
should be as short as possible. 

Increased temperatures of pasteurization favor increased keep- 
ing quality. A temperature of 95°C. for thirty minutes, how- 
ever, seems to render the product less stable. Though this tem- 
perature is not so severe as those used in a previous work (4) 
to ascertain the effect of heat upon the susceptibility of fats and 
oils, it may well be the case that even at this temperature the 
detrimental effect of heat upon stability is shown. 
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Though preliminary in nature the results discussed, as well as 
numerous observations upon the keeping qualities of powders 
from various milks, indicate that the keeping cpiality of whole- 
milk powders can be materially improved by clarification of the 
milk, preferably as soon as possible after it is drawn. Higher 
pasteurisiation temperatures than are ordinarily used {(id'Tk for 
30 minutes) also seem desirable, while too high temperatures of 
pasteurization (95°C.) seem to render the fat more su.sceptible to 
oxidation. 

Further experiments upon an industrial scale will prove the 
relative value of the factors discussed to the industry. 
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LACTOSE SOLUBILITY AND LACTOSE CRYSTAL 
FORMATION 

I. LACTOSE SOLUBILITY* 

0. F. HUNZIKER and B. H. NISSBN 
Blue Valley Research Laboratories, Chicago, Illinois 

FUNDAMENTAL FACTORS IN LACTOSE SOLUBILITY 

The experiments reported and results quoted in this paper on 
lactose solubility refer particularly to lactose solubility in the 
presence of sucrose and milk colloids as compared with lactose 
solubility in water. 

In the determination of lactose solubility the chief limiting 
feature is the very slow rate of solution and rate of crystalliza- 
tion of this sugar. 

This is due, as explained by Hudson (1), to the fact that lactose 
can exist in solution in two foms, namely as hydrated lactose and 
as anhydrous lactose. The stable and generally available form 
is the lactose hydralte. When milk sugar is placed in water in 
excess of the amount that is capable of going into solution, a 
certain portion of the sugar dissolves immediately. This repre- 
sents the hydrate form of sugar in solution and is termed the initial 
solubility of lactose. The initial solubility is very low, amount- 
ing, according to Hudson (2) to about 8.9 parts of lactose to 100 
parts of water at 25°C. 

As soon as all the hydrate sugar has gone in solution that is 
capable of dissolving immediately, the hydrate sugar in solution 
begins to change to the anhydrous form, and simultaneously 
more of the hydrate goes into solution. This change from 
hydrate to anhydride and the further dissolving of hydrate con- 
tinues until a point of equilibrium of the two forms in solution is 
reached. This equilibrium is expressed as follows : 

ChHuOij CiiHajOii-l-HaO 
Hydrate Beta anhydride 


• Received for publication July 18, 1926. 
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and is attained when for every part of hydrate in solution, there 
exists about If parts of anhydride in solution. When this equi- 
librium is established there is no further solution of milk sugar. 
The milk sugar solution has reached its point of sa.tu ration. 
This represents the final solubility. This cliange from hydrate to 
anhydride is very slow and because of this the ocpiililniuin and 
final solubility are reached only after long periods of dissolving. 
The same principle underlies the crystallization of hictose from 
supersaturated solution, the rate of crystallization depending on 
the change of anhydride into hydrate lactose. This change also 
is only gradual, hence the complete crystallization of the lactose 
present in excess of saturation, reducing the state of supersatura- 
tion to a state of saturation, is very slow. 

GENERAL PROCEDURE OP INVESTIGATION 

To test out the effect of milk colloids and sucrose on the solu- 
bility of lactose various solutions were prepared in which lactose 
was dissolved in water, skim milk, whole milk, and in sucrose 
solutions of the above, respectively. 

Materials used. The materials used in this investigation con- 
sisted of Merck’s C. P. lactose, ranging in moisture content from 
4.89 to 5.09 per cent and “Domino” brand sucrose with a mois- 
ture content of 1,5 to 2.0 per cent. Difco lactose was also used 
in one set of experiments, but as no material difference was noted 
it was decided to continue with only one brand of each sugar. 
All water solutions were prepared with distilled water. The 
whole milk used had a total solids content of ll.S to 12.5 per cent 
and a fat content of 3,0 to 3.5 per cent, tlie tot,al solids in the 
skim milk ranged from 8,69 to 10.26 jjer cent and the fat was 0,08 
per cent or below. 

In all the solutions the lactose solubility was based on the water 
content of the mixture rather than on actual percentage, due 
allowance being made for sucrose and milk solids where such 
were present. 

To prevent the solutions from spoiling 0.5 cc. of 40 per cent 
formalin was added to each bottle after having determined that 
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the presence of the formalin in no way affected the solubility of 
the lactose. 

EXPEKIMBNT 1 

Lactose solubility as cklermvned by direct observation of the saturation 

'point 

This method of determining the solubility of lactose consisted 
of noting the maximum amount of lactose which will dissolve in, 
or crystallize out from, a prearranged series of solutions of gradu- 
ated concentrations. 

The method used consisted of shaking a series of 8 ounce 
bottles sealed with well-paraffined cork stoppers previously 
boiled in paraffine to prevent evaporation, in a thermostatically 
controlled shaking chamber whereby the temperature of the 
bottles could be maintained constant at the temperatures used 
in the experiment, i.e., at 50°F. and 65°F., respectively. The 
lactose solubility end point was determined by noting the presence 
or absence of undissolved lactose or lactose crystals in the bottom 
of the bottles, avoiding the necessity of chemical analysis for 
lactose. 

After a few preliminary determinations with the various solu- 
tions to be used, to roughly determine the approximate working 
range, it was possible to limit the number of bottles necessary to 
between 8 and 12 for each type of solution. 

Determination A. Exactly 100 grams of water were weighed 
into each of 12 bottles and then after cooling to the working tem- 
perature definitely weighed amounts of lactose were added, 
ranging from 17.5 to 21 grams in portions differing by 0.25 gram. 

These bottles were then continually shaken at constant tem- 
perature for from two weeks to one month or more. They were 
examined at definite intervals during this time to note the prog- 
ress of solution. Complete solution required 170 hours. The 
experiment was, however, always continued for at least two 
weeks to insure complete equilibrium and final solubility. 

Determination B. This was conducted in exactly the same way 
and with the same amount of water and lactose in each of twelve 
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bottles as in A but in addition 16.6 grams of sucrose were also 
added to each bottle. This amount of sucrose is equivalent to 
exactly 14 per cent, which is comparable to the sucrose content of 
ice cream mix and also to the approximate sucrose contained in 
the uncondensed milk used in manufacture of sweetened con- 
densed milk. The sucrose in each case was completely dissolved 
prior to adding the lactose to avoid seeding effect. 

Determination C. Still other trials of the same tyj)e as above 
were conducted but using as the solvent instead of water, enough 
whole milk and skim milk, respectively, to have present in each 
bottle exactly 100 grams of water. Thus for whole milk approxi- 
mately 114 grams and for skim, milk 110 gnuns were necessary. 

In order to make due allowance for the lactose originally pres- 
ent in the milk, which was found by gravimetric analysis to be 
from. 5.4 to 6.0 grams to each 100 grain.s of water in the milk, the 
amount of lactose added was deci'caseci accordingly, d’he lac- 
tose thus added ranged from 11.5 to 15.5 grams. The calcula- 
tions of the final solubility of lactose were h iade on the basis of 
the sum of the amount of lactose originally present in the milk 
and the amount of lactose added extraueously. . This then gave 
results comparable to lactose solubility in pure water solutions. 

Determination D. Another set of similar trials wa.^ conducted, 
using the same amount of whole or skim milk respectively as in 
C, and adding to this 18.4 grams of sucrose completely dissolved 
prior to the addition of the lactose. This then constituted a 
14 per cent sucrose solution in milk. 

^ Determination E. In nil of the preceding trials the lactose so 
bility wixs approached from undersaturation, or from below, tha t 
is, the dry lactose was added to the cold liquid ami allowed to disy 
solve, thus arriving at the saturation point by beginning with le&« 
than saturated solutions. In this trial the lactose ’solubilit/ 
was determined from above in an endeavor to ascertain if the' 
same point of solubility could be reached as with determinations 
from below. This was done by heating the liquid to 140“B\ 
and completely dissolving the sucrose and lactose, then cooling 
to and shaking at 65°F. till equilibrium was reached. It re- 
quired 5 weeks to reach a point where no more additional bottles 
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TABLE 1 

SolnbiUhj of lactose"^ in water ^ milk and i4 -per cent sucrose solutions 
Results of experiment 1, trials A, B, C, B, and E 


MNri» <H-' HOLDTION 

a’KMPKE- 
AT 0 Kill 

GTtAMS 

I.AC'TOHIS 

X'KU loo 

(lUAMH 

WATEU 

PEE CENT 
LACTOSB 
ANHY- 
DRIDE IN 
WATEE 

PEE cent 
DAGTOS l 
ANHt- 
DEIDB BT 
ANALYSIS 

Lactose in water 

50 

14.97 

13.0 

13.02 

Lactose in 14 ])er cent sucrose solution 

50 

13.93 

12.4 

12.63 

Lactose in water 

65 

18.34 

16.5 

16.66 

Lactose in water 

65 

18.34 

15,5 

15.57 

Lactose in water 

65 

18.34 

15.5 

15.66 

fLactose. in ■water crystailissed from solution. 

65 

18.34 

15.5 


Lactose in whole milk 

65 

18.34 

15.5 

15.8 

Lactose in whole Tiiilk 

65 

IS 34 

15,5 


Lactose in whohs milk 

65 

18.34 

15.5 


Lactose in rtkitn milk 

65 

18.34 

15.5 

16.1 

Lactose in 14 per cent sucrose solution in ' 





water 

65 

17.6 

14.95 

14.89 

Lactose in 14 per cent sucrose solution in 
water 

65 

17.6 

14.95 

14.94 

t'Lactose In 14 per cent sucrose crystalliised 
from solution 

65 

18.05 

15.26 


Lactose in 14 |)er cent whole milk with 14 per 





cent sucrose 

65 

17.4 

14.84 


Lactose in 14 per cent whole milk with 14 per 
cent sucrose 

65 

17.3 

14.70 

15.62 

Lactose in skim milk with 14 per cent sucrose. 

65 

17.3 

14,70 

15.7 


* The resiiltH in above table were obtained as hydrated lactose l)iit to facilitate 
coittparittons they wore eonvortod into the anhydride form by multiplying by 
0,95 liwi are c:iprossed as such. 

t iSoInbility detisrmiiicd from^'abovo/’ i. e., saturation point approached from 
ttii|K 3 r»aturated solution as explained in trial K. All other results in this table 
wore ol)tainC 3 d by determining solubility from'**l)elow/^ i. e.^ approaching satura*' 
tion fioint l)y allowing the lactose to dissolve to saturation. 

slujwed liictose deposits. Twenty-four bottles were used for this 
test and the lactose solubility was determined in both the presence 
and the absence of sucrose. 
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The results of Detemunations A, B, C, I), andE of experiment 
1 axe sunnnarized in table 1. 

IKHctmion of resulM m. table 1. The solubility detonninati<ins 
in water were made ehiefly for tlie purpose of sttindardizinfi; the 
method of procedure, so as to make all results comparable to 
Hudson’s determination of lactose solu1)ility in \va.ter, whose 
results are shown in table 2. 

From the logarithmic graph of Hudson’s solubility figures' at 
different temperatures we find that the solubility of lactose at 
60°F. is 13. OG per cent or 15.02 grams to 100 grams of water and 
at 65°E. 15.54 per cent or 18.4 grams to 100 parts of water. 


TABT,K 3 


Final solubilily of lactose by Hudson (2) 


TEMPI! ItATURU 

, FINAL sor. uni; tiTY 

TEMPEIIATUHE 

FINAL ftOLtmiUTY 

Lactose 
por cent 

Parts lactoae to 
100 partH of 
wat.cr 

Tdictostn 
lH*r wwt 

Parta laettwo to 
100 partfl of 
watior 

"F. 






Z2 

10.6 

11.9 

120 

29.8 

42.4 

59 

14.5 

16.9 

147 

39.7 

65.8 

77 

17.8 

21.6 

165 

46.3 

86.2 

102 

24.0 

31.5 

192 

58.2 

139. 2 


Our results for lactose in water as given in table 1 sliow very 
close agreement with those of Hudson. At 50°F. the solubility 
was 13.0 per cent and at G5°F. it was 15.5 per cent. This close 
agreement indicates that the method used herein is correct and 
should give equally reliable results of lactose solubility in solut ions 
other than water and which results may Ijc ticcepted as cornpiir- 
able with Hudson’s lactose solubility in water. 

In the last column of table 1 are given additional solubility 
results obtained on some of the bottles containing excess lact,ose. 
In the case of water these results were obtained by total solids 


‘ By plotting Hudson’s figures upon a graph it will be obMorvod that tho type 
of curve obtained in such as to make accurate interpolation diflioutt. But by 
converting Hudson’s figures into logarithms, tho curve obtained becomes almost 
a straight line from which solubility figures for intervening tomperatures may be 
readily derived. 
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determinations. These results show very close agreement with 
the solubility figures given in the second and third columns and 
thereby offer additional proof of the accuracy of this method of 
solubility determination. In the case of milk the chemical 
analyses were, made by use of the gravhnetric Fehling’s method. 

These last results on milk and sucrose milk, however, were 
made under conditions which may have impaired their accuracy 
somewhat, as some of the fat churned during the shaldng and 
there may have been some tendency for slight inversion of the 
sucrose. 

lire results in table 1 clearly show that the lactose solubility 
in milk and skim milk per 100 parts of water in the milk is the 
same as in pure water solution. Similar results concerning the 
relation of colloids to lactose solubility are reported by Lucas 
and K])itzer (3). The sucrose in 14 per cent solution appears to 
have a slight solubility-diminishing effect. The per cent lactose 
dissolved in a 14 per cent sucrose solution was about 0.6 lower 
than in pure water. 

EXPEKIMENT 2 

Lactose solubility by determination of total solids 

This method of determining the solubility of lactose consisted 
of analysing for total solids filtered solutions from mixtures 
containing lactose in excess of saturation. 

After preliminary experimentation with various solutions of 
known lactose and lactose-sucrose concentrations it was found 
that the following method of drying gave reliable total solids 
results. 

I’otal solids determination. Either 2 or 6 gram samples of the 
well mixed, filtered solutions were weighedl out by the use of 
Mojonnier curved pipettes. Lactose solutions containing no 
sucrose were dried on the plain dish, since no difference was ob- 
served by drying on asbestos. Sucrose solutions and sucrose- 
lactose solutions were all dried on a layer of previously well dried 
asbestos fibre. Mojonnier solids dishes were used in all cases. 
The dish was first heated on the outside hot plate (180°C.) till 
apparently dry, then held for forty minutes in the 100°C. vacuum 


jrOWBNAt OP DAIET iCttlNCB, TOL* IX, PfO, 6 
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oven and then for ten minute intervals till constant in weight. 
No further loss in weight was observed by subsequently heating 
at 135”C. unless when carried to the point of excessive !)r{nviung. 

Fiyrm of lactose in total solids detenninutions. Since lactose may 
exist in both the hjnirate and the anhydrous form, (here was some 
doubt as to which of these forms was being obtained. In oixler 
to definitely determine this, another series of preliminary deter- 
minations was made in which exactly 5 grams of Mercks lactose 
hydrate were dissolved in 45 grams of water; and 5 grams of 
sucrose were dissolved in 45 grams of water and a third solution 


TABLE 3 

Dderminatlim of form of lacMme from soluflom eontainlng ladone, and lactose 

(mil sucroae 


SAMM.I3 

NUMBKll 

kind Gif' BObUTlON 


1 gram of lactose hydrate in an- 


hydrous form should wei^h 

1 

10 per cent lactose solution 

2 

10 per cent sucrose solution 

3 

10 per cent lactose and 10 per cent 
sucrose solution 

LEWtose in solution containing 10 


per cent lactose and 10 per cent 


sucrose 


AM<lU?srT 

op 

MITIAU 

Am)Ki> 

WEIUHT ■ 
OP 

HirUAU 

A('Tt?.\r.b'r 

FGUJVP 

CALPtr- 
If.ATRD 
WKICJIIT 
OV ANIIV- 
liniPB 

[ 

mrPiBH- 

»NC* 



0.9491 


1.000 

0.94S7 

0.9401 

0.(M)44 

1.000 

0.9910 



2. TOO 

1.9453 



1.000 

0.9543 

0.9491 

0.0052 


was made containing 5 grams of Ijujtose aitd 5 gnuus f>f sucrose in 
40 grams of water. Total solids determin:ition8 were made on 
10 grams of Ciudi of the above three solutions. The results of 
this preliminary trial are shown in table 3. 

Discimwn of results in table d. The figures in table 3 sliow 
amounts of lactose approximately 5 per cent less than the amount 
added. This indicjites that the total solids dotermiuations ob- 
tained by the method used for solubility determinations yield the 
lactose in the anhydride form. The slight variations shown 
may well be considered within the experimental error. 

It appears, therefore, correct to assume that the product 
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obtained in the following total solids determinations is the lactose 
anhydride which, as mentioned earlier, differs from the lactose 
hydrate form which is stable at ordinary temperatures by being 
5 per cent lighter. 

Tiiis fact was also mentioned by Schmoger (4) who showed 
that the evaporation of a lactose solution at 100°C. produced 
anhydrous lactose and that the dry lactose hydrate does not lose 
water at 100°C. 

Pludson (5) also stated that the substance obtained in total 
solids determinations was a mixture of the alpha and beta anhy- 
drides having the formula C 12 H 22 O 11 . And Rice and Miscall (6) 
ha\'e recently demonstrated that lactose appears in the total 
solids residue from aqueous as well as condensed milk solutions 
in the anhydrous form. 

Since sucrose contains a small amount of moisture, as shown 
under ‘‘Materials Used” earlier in this paper, due allowance was 
made in preparing the mixture of lactose-sucrose solutions for all 
lactose solubility determinations. 

Total solids determinations for tactose solubility from lactose 
solutions in water and in I 4 per cent sucrose solutions at 50°F. and 
6S°F. Aqueous mixtures containing lactose in slight excess of 
saturation and similar mixtures containing 14 per cent sucrose in 
addition to the lactose were continually shaken at a constant 
temperature of 50°F. and 65°F., respectively, for two weeks or 
longer. They were then filtered in an incubator maintained at 
the same temperature at which the mixtures had been shaken and 
total solids determinations were at once made on the clear filtrate. 
In solutions where both lactose and sucrose were present the solu- 
bility of lactose in water was obtained from the total solids figure 
by subtracting the known amount of sucrose previously added. 
The results of these determinations are assembled in table 4. 

Disctmion of results in table 4 . The lactose solubility results 
obtained by the total solids determination given in table 4 show 
very close agreement with the results in table 1 and with Hudson's 
solubility figures for lactose in water. It appears, therefore, that 
solubility results obtained from this method of total solids deter- 
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TABI.E 4 

SoluMUty of luetosc 6 ?/ total solids detcrminaHons of the filler ed, solutlom from, 
mixtures of lactose in imter and lactose in H per <xnl sucrose sobdiom 

ctmtainmg slight excess of lactose 
'Bx|)reH8ecl m lactoHc anhydride C'hsIissOu 


mMrm 

N'UMBKE 


TB&H'IMt.- 

ATUilK 

TKNT 

(JRAWa C»P 

KINU OF ROUJTION 

AN'll VltUI'DR 
IN VV.aTEU 
I»A«T OF 
KOI.ti'l'lUN' 

LAt:TOHM IN 
Ifii) (JUAMH 
WATEE 






1 

100 grams of water -f 16.0 grams of lac- 
tose hydrate 

50 1 

:I2.92 

16.00 

14.84 

14.95 

2 

100 grams of water -f 16.25 grams of lac- 
tose hydrate 

{ 

16. ;!0 
:12.96 

15, 19 
14.89 

, 

100 grams of water 4- 16.5 gra-ms of lac- 
tose hydrate 

50 1 

12.92 

12.98 

14.84 

14,92 

4 

100 grams of water 4- 16.75 grams of lac- 
tose hydrate 

50 1 

16.06 

Kh05 

14.98 

15.00 

5 

100 grams of water + 17.00 granm of lac- 
tose hydrate 

50 1 

15.02 

13.05 

14.97 

15.01 

6 

100 grams of water 4- 16.6 grams of su- 
crose + 15.5 grams of lactose 

50 1 

12.55 

12.55 

14.35 

14.35 

7 

100 grams of water 4- 16.6 grams of su- 
crose 4- 15.75 grams of lactose 

50 1 

12,72 

12.74 

14.57 

14.60 

8 

100 grams of water 4- 16.6 grams of su- 
crose 4- 16.0 grams of !aetos<i 

SO 1 

12.84 

12.66 

14.73 

14.50 

9 

1(K) grams of water -h 16.6 grams of su- 
crose 4“ 16.5 grama of lactose 

1 

so 1 

12.54 

12.50 

12.58 

14.34 

14.40 

14.38 

• 10 

100 grams of water + 21.0 grams of latitosc: 

65 1 

15.53 
15.50 1 

18,40 

18,43 

11 

100 grams of water 4- 20 grams of lactose i 

65 1 

15.75 

15.76 

18.69 

18.70 

12 

100 grams of water 4- 20.5 grams of lactose: 

65 1 

15.50 

15.54 

18.46 

18.41 
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TA.BLB 4- Concluded 


NIIMBKE 

KINO OP SOLUTION 

1 AT01iE 

PKU CENT 

L ACT OH® 
ANIIYDUIPB 
IN WATER 
PAXtT OF 
SOLUTION 

GRAMS OF 
LACTOSE IN 

100 a RAMS 

WATER 






13 

100 i^ranus of water + 21.0 grams of lactose 

65 { 

15.55 

15.55 

18.42 

18.42 

14 

100 grai!i.B of water + 20.0 grams of lactose: 

65 1 

15.66 

15.67 

18.67 

18.58 

15 

100 grams of water + 16.6 grams of sn- ^ 
crose + 19.0 grams of lactose 

65 1 

14.73 
14. 6B 

17.28 

17.21 

16 i 

IfX) grams of water + 16.6 grams of su- 
crose + 19.5 grams of lactose 

65 1 

14.75 

14.80 

17.30 

.17.37 

17 ; 

i 

KK) grams of water + 16.6 grams of bu~ 
croHC + 20.0 grama of lactose 

65 1 

14.53 

14.55 

17.00 

17.03 

18 

1 

ICK) grams of water 4* 16.6 grams of su- 
crose + 19.0 grams of lactose 

65 1 

14.86 

14.80 

17.45 

17.37 

19 

100 grams of water 4* 16.6 grama of su- 
crose “1" 16.5 grams of lactose 

65 1 

14.99 

14.91 

17.63 

17.62 

20 

i 

KX) grama of water 4* 16.6 grams of su- 
crose + 17.0 grams of lactose 

65 1 

14.94 

14.85 

17,57 

17.44 

21 

100 grams of water 4“ 16.6 grams of su- 
crose + 18.0 grams of lactose heated to 
Holution and shaken for 5 weeks 

65 1 

15. OS 

15.10 

17,69 

17.79 


miiintiioii are also accurate and should yield reliable solubility 
figures for lactose in the presence of sucrose. 

Table 4 shows that the solubility of lactose is slightly lower in 
14 per cent sucrose solution than in water alone. 

Lactim soluMlUy by total solids determinations in presence of 
large excess of lactose. Additional determinations of lactose 
solubility by the total solids method were made as follows: 

Solutions were prepared in 8 and 12 ounce bottles and shaken 
as previously described, but in this case large excesses of lactose 
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TABLE 5 

Lactose soIuhilUif at 65°F. 

Bolutioiis prepared with Iarjii;e excesvS of lactose 


Ki'MHB!!; 


TOTAL 

OF 

i K\T 

t 

tiifAMH 

I LU'THSIS 

KJMjO or MOUITION 

LAt'lHi.HK 

Aino;i» vnu 
too OUAMH 
OF W 

lAi TOSH 

IN WATF.n 

IN HOLir- 
‘ TLiv 

lun (Uixm 

W ATKK 

1 

Lactose in water 

30 1 

15.80 

15.86 

IR.OO 

18. K5 

2 

Lactose in water 

30 1 

10,10 

10.13 

19.15 

I 19.18 

s 

Lactose in water 

40 { 

16.02 
16. (K) 

10.07 

10.05 

4 

Lactose in water 

30 1 

lO.Oi 

15,00 

■ 10.05 
10.04 

5 

Lactose in water 

50 1 

i ^ 

16,30 

10,40 

i 10.59 
19.60 

6 

Lactose in water 

50 1 

16.47 

16.42 

10.67 

10.62 

7 

♦Lactose in water 

40 1 

16.52 

16.51 

19.91 

1!K0CI 

8 

♦Lactose in water 

50 1 

16.40 

16.38 

111.62 

19,50 

9 

♦Lactose in waien^ 

00 1 

t6JKI 

16.65 

19.99 

10.98 

10 

Lactose in 14 per cent sucrose solutitni 

30 1 

15.70 

15,68 

18,63 

18.61 

11 

♦Lactose in 14 per cent snerose Bolt,iih>n 

40 1 

16, to 
lO.lW 

ill, 17 
19.00 

12 

Lactose in 14 per cent Bnerose solution 

50 1 

15.61 

15 JO I 

1 

18.49 

18.63 

13 

Lactose in 14 per cent sucrose solution 

25 { 

15.25 ^ 
15.25 

18.00 

18.00 
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TABLE ^-"-Continued 


bamw.e 

NUMBEil 

1 

KIND OP SOLUTION 

TOTAL 
0KAM8 OP 
LACTOSE 
ADDED TEK 
100 ORAMS 
OP WATER 

PER CENT 
LACTOSE 

IN WATER 

• GRAMS 
LACTOSE 

IN SOLU- 
TION PER 
100 GRAMS 
WATER 

14 

Lactose in 14 per cent sucrose solution ^ 

25 1 

15,72 

15.70 

18.66 

18.64 

15 

Lactose in 62 per cent sucrose solution 
(163 grams sucrose) 

35 1 

13.75 

13.62 

15.95 

16.64 

16 

'*‘Same as 62 per cent sucrose solution 

35 1 

13.59 

13.52 

15.68 

15.64 


* Lactose soivibility determined by first completely dissolving all the sugar 
present at 150 to 170“F. then cooling to the working temperature and allowing 
crystallization to proceed from the supersaturated solution until no further crys- 
tallization took place. 

All results not starred’’ (*) were obtained by adding the dry lactose to the 
cold water of the previously prepared sucrose solution and agitating until no 
further solution of the lactose took place. 

were used. The lactose present in excess of saturation ranged 
from 25 to 200 per cent. After two weeks or more of sha.king at 
constant temperature the solutions were allowed to settle and the 
clear liquid was poured through a filter, avoiding, as much as 
possible, evaporation during filtration. The mixtures used 
consisted of lactose in water and lactose in 14 per cent and 62 
per cent sucrose solution, respectively, and total solids deter- 
minations were made as shown in table 5. 

THmmion of resuUs in table 5. The results in table 5 show 
slightly higher lactose solubility in solutions containing a large 
excess of lactose, as evidenced both from below (undersaturation) 
and from above (crystallization from supersaturation). This 
fact suggests the possible influence of the law of mass action in 
slightly advancing the point of equilibrium. 

Similarly as in previous determinations with lesser excess of 
lactose, the presence of sucrose again slightly lowered the solubil- 
ity of the lactose. This phenomenon becomes even more pro- 
nounced in the presence of highly concentrated sucrose solutions, 
as shown in the case of solutions containing 62 per cent sucrose. 
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Detcr'tninaiion of lactose soluhilUy in milk hi/ total solids method. 
All attempt was made to further determine lactose solubility in 
milk solutions by tlie total solids method. 

ApproNimutcly IW grams of whole milk and 110 grams of 
skim milk respectively, or enough milk to give exactly !()() grams 


TABLE « 

f)o!'ihbiUiy of lactose at in milk serum after filkriny ojf the curd 


SAMFLK 

KIND OF BOLtll^'IONr 

CHUMS OP 
LAOrOSB 
Abl>KI> 
l‘K!l 100 
OHAMH 
WATIU 

PiaUPKN'l* 

IN' w'ATiae 

TO 100 

HUAMH 

WATBH 

1 

LacioHC ill whole tnilk 

20 

15.90 

18.91 

2 

Lactone in, whole milk 

25 

10.45 

11 ). on 

:] 

LactOvse in whole milk 

30 

10.30 

19.50 

4 

LactOHC in whole milkcontainirip; 1.4 per cent 
sucroBc 

20 


18.02 

6 

Lactose in whole milk containinji; 14 per cent 
sucrose 

25 

1.5. OH 

18.01 

6 

Serum solids of whole milk soured as the 
a!)Ove 

nH 

5.48 


7 

Lactose in skim milk 

20 

10.2 

19.37 

8 

“Lactose in skim milk 

20 

10.2 

19.37 

9 

Lactose in skim milk 

30 

15,7 

18.58 

10 

Lactose in skim milk 

30 

15 . 1 ) 

19. 10 

11 

Lactose in skim milk containiuj^ 14 per cent 
sucrose 

20 

15.0 

17.0 

12 

liactoHc in skim milk cimtaininji; 14 per cent 
sucrose 

20 

15.0 

17.6 

13 

Lactose in skim milk containing 14 ].ier cent 
sucrose 

30 

14.80 

17.4 

14 

Lac.tose in skim !nilk containing 14 per ccTit 
Hucroso 

30 

14.90 

17.4 

15 

Serum soliils of skim milk soured as in the 
above 

* 

5.87 



* No ttcldcid iactoHo. 


of water, were shaken with 20 to 30 grams of lactose powder for 
two weeks at 65“F. At the end of this time the casein hati curdled 
•and settled out, as no preservative had been added. By filtering 
off the clear serum and analyzing this for total solids an approxi- 
mate estimate may be secured as to the amount of lactose in 
solution. Direct sugar determinations were not deemed advia- 
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able on these solutions due to the condition of the samples. 
These results are summarized in table 6. 

Discussion of results in table 6. Since the milk serum separated 
in the manner described contains in addition to the lactose also 
some serum solids not lactose, amounting to about 1.5 grams per 
100 grams of serum, this amount was deducted from the actual 
total solids figures obtained and the results are thus recorded as 
lactose solubility in table 6. 

These figures show considerably greater variations than those 
previously obtained. This might be expected on account of 
the difficulty of preserving the original physical character of the 
milk during such long agitation periods. 

It had been intended to determine lactose solubility by differ- 
ence in total solids before and after the period of shaking but this 
was prevented by the churning of the fat and slight change in the 
casein which made filtration and centrifuging of the lactose from 
suspension very difficult even where preservatives were present. 
Eepresentative samples of the milk as such were, therefox-e, con- 
sidered to be out of the question and the solids determinations 
were made on the serum from these milk samples, which really 
yields the desired results, i.e., the lactose solubility in the water 
portion of the milk. However, the results obtained and given in 
table 0 may serve to show that the amount of lactose dissolved in 
the watery part of the milk (the serum) is practically the same as 
shown by results previously obtained in milk and in aqueous 
solutions. 

BXPEBIMENT 3 

Lactose solubility determinations by gravimetric Fehling’s method. 
In solutions containing very high sucrose content, such as solu- 
tions with a sucrose content of 62 per cent as is approximately 
found in sweetened condensed milk, and also supersaturated 
sucrose solutions used in this experiment, it was deemed some- 
what unreliable to determine lactose by the methods previously 
given in this paper. The content of both sugars was, therefore, 
determined by the regular gravimetric Fehling’s solution method 
using Munson and Walker’s tables. 
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These solutions were prepared by completely dissohing the 
two sugars in a water bath at 150° to 170°r. and, alter cooling, 
maintaining a temperature of Oo”!*’. for six weeks with o<.!(ia,sional 
shaking. Total solids determinations were made at intervals on 
the supersatura,ted lictuid and w'hen no further cliangc could 
be detected the lactose crystals in suspension were removed Iry 
centrifuging until no crystals could be detected under the micro- 
scope. The top portion of the liquid was then stirre<l carefully 
aivd siphoned off as completely as possible into a dry bottle. 
In the case of the aqueous solutions no ditriculty was experienced 
but in the case of the milk solutions it wa,s necessary to repeat 
the centrifuging as some lactose crystals still ajjpearerl in sus- 
pension after the first separation. 

The solutions prepared were as follows: 

1. Hixty-two per cent sucrose-water solution containing 100 
grams of water, 163 grams of sucrose ami 35 grams of lactose. 

2. Sixty-tw'o per cent sucrose-milk solution eontnining 113.6 
grams of whole milk, 163 grains of sucrose and 35 grams of lactose. 

3. Supersaturated sucrose-ivater solution containing 100 grams 
of water, 230 grams of sucrose and 35 grams of lactose. 

4. Supersaturated sucrose-milk solution containing 1 13.G grams 
of whole milk, 230 grams of sucrose ami 35 grams of lactose. 

After cooling, the water lost by evaporation during the heating 
was replaced. The water of replacement contained 0.5 cc. of 
formaldehyde so as to check fermentation. 

Preliminary lactose and lactose-sucrose determinations using 
known solutions of Difeo lactose and Pfanstiehl chemically pure 
sucrose in water and in milk, of about the same sugar ratio in 
water as those of the experiment proper showed that no factor 
was necessary in determining sucrose in such solutions even in 
the presence of lactose, but that in the case of determining kic- 
tose in the presence of sucrose the 1 lactose-12 sucrose column of 
table 7 A. 0. A. C. Methods (7) should be used, and that in 
addition the results must be multiplied by the factor 1.0173 
and also by 0.95 to express the results as anhydrous lactose. 
All results were obtained in triplicate. The results are assembled 
in table 7. 
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Discussim of results in table 7. Since the solubility of lactose 
in 62 per cent sucrose-water solution above given agrees well with 
that obtained from total solids determinations, see table 5, this 
serves as an additional check on lactose solubility by the total 
solids determination. 

These results further show that sucrose in high concentrations 
such as solutions containing about 62 per cent sucrose, does affect 
the solubility of lactose in water to a considerable extent reducing 
it approximately 15 per cent. Thus, as shown in table 1, 100 
grams of pure water at 65°F. will dissolve approximately 18.4 
grams of lactose, while 100 grams of water of a 62 per cent sucrose 
solution will dissolve only about 15.35 grams lactose. 

TABLE 7 

Solubility of lactose in 62 per cent and supersaturated sucrose water and 
whole milk solutions at 65^F. 


Dctemiiied by Gravimetric Fehling’s Method. Expressed as anhydrous 

lactose (Ci 2 H 220 n). 


KIND OF SOLimON 

TOTAL 

SOLIDS 

OF 

WIIOLffl 

P1RC335NT 

BUCKOttB 

IN WATER 
OF BOLU“ 
TION 

PERCENT 

I/ACTOBE 

IN WATER 
OF SOLU- 
TION 

ORAMS 

LACTOSE 

TO 100 
qbamr Op 
WATER 

j 

Water containing 62 per cent sucrose 

per cent 

63.65 

61.40 

13.20 

15.20 

Whole milk containing 62 per cent sucrose 

63.93 

61.57 

13.45 

15.50 

Supersaturated Bucrose-water solution. . . 

68.37 

66.67 

14.49 

16.04 

Supersaturated sucroso-milk solution 

69.10 

66.91 

14.01 

16.30 


This is significant in connection with sweetened condensed milk, 
since sweetened condensed milk which contains from 40 to 45 
per cent sucrose usually has a sucrose-in-water concentration of 
from about 60 to 64 per cent. Sweetened condensed milk contains 
from about 11 to 15 per cent total lactose and from about 24 to 
28 per cent water. On the basis of these figures the lactose-water 
ratio would range from about 28 to 38 per cent while the lactose 
solubility in this product is only about 13 to 14 per cent or from 
about 15 to 16 grams to 100 grams of water. It appears evident, 
therefore, that from about one-half to two-thirds of the lactose 
contained in sweetened condensed milk is present in excess of 
saturation,, i.e., in crystalline form. The figures in table 7 are 
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of further interest in that the information they reveal is lielpful 
in the determination of the amount of lactose crystals j)res(3nt in 
sweetened oomlensed milk of known composition. 

'riie results in table 7 further show thn,t ihe milk colloids in 
sweetened condensed milk have no noticeable elTcwt on lactose 
solubility in the water portion of the milk. 'I'he amount of lac- 
tose dissolved in the sucrose milk solutkni beiuK in'oi)a,bly the 
same as that dissolved in the sucrose wuiter solution, i.e., 13.2 and 
13.45 per cent, respectively. 

(Commercial application of these facts in the manufacture of 
sweetened condensed milk and the use of such knowledge} in con- 
trolling the smoothness of the finished product tire discussed in 
detail by Hunziker (8) . 

Similarly as in the case of (>2 per cent sucrose solutions, so did 
solutions in which the sucrose as well tis the lactose was present 
to the extent of supersatunition, htivo ti solubility-dhninishing 
effect on the lactose. And tigtiin, in such solutions in milk the 
milk colloids appeared not to affect the lactose solubility. How- 
ever, the lactose solubility results in these sucrose-suiiersatu rated 
solutions, where both sugars are crystallizing do not slunv quite 
as close agreement as those from solutions of lesser sucrose con- 
centration. It is possible that in these concentrated solutions 
complete crystallization may not have been definitely obtained, 
although the solutions were allowed to crystallize for two months. 

SUMMAKV 

1. Lactose solubility in water has been recheoked and very 
close agreement was obtained with the results of Hudson. 

2. Lactose solubility determinations in sucrose solutions and 
in milk with and without sucrose were made, 'fhe results of 
these determinations show that the solubility of lactose in .milk 
was similar to that in aqueous solutions, but that the presence of 
sucrose decreased the lactose solubility somewhat. This decrease 
in lactose solubility ranged from about one-twentieth to one- 
sixth of the lactose solubility found in pure water. It was only 
slight in dilute sucrose solutions, such as solutions containing 14 
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per cent sucrose, and it became greater with an increase in the 
sucrose concentration. 

3. Ijactose solubility was approached both from below and 


TABLE 8 

Lactose solahiliti/ averages^ 




AVEIUGB OF BEST 
BBSXTLT8 

AVETlAGfi OF ALL 
FiaUKES 

KlNlt) OF BOr^tJTlON 

•risM- 

PEllA- 

TUIiE 

Percent 
lactose in 
water part 
of solution 

Grama 
lactose to 
100 gram.s 
of water 
in the 
aolutiou 

Percent 
lactose in 
water part 
of solution 

Grams 
lactose to 
100 grams 
of water 
in the 
solution 

Lactose in water 

50 

13.02 

14.97 

13.02 

14.97 ' 

Lactose in w'ater 

65 

15.50 

18.34 

15.97 

19.01 

Lactose in whole milk. 

65 

15.50 

18.34 

15.87 

18.86 

Lactose in skiin milk 

65 

15.50 

18.34 

15.90 

18.95 

Lactose in watcjr containing 14 per 
cent sucrose 

50 

12.63 

13.93 

12.63 

13.93 

Lactose in water containing 14 per 
cent sucrose 

65 

14.05 

17.60 

15.16 

17.88 

LactoH(3 in whole milk containing 
14 per cent sucrose i 

65 

14.77 

17.30 

15.25 

17.98 

Lactose in skim milk containing 
14 per cent sucrose 

65 

14.70 

17.30 

14.89 

17.46 

Lactose in water containing 02 
per cent sucrose 

05 

^ 13.20 

16.20 

13.46 

15.55 

Lactose in milk containing 62 per 
(jent sucrose. 

65 

13.45 

15.50 

13.45 

16.60 

Lactose in supersaturated sucrose-' 

water solution 

Lactose in supersaturated sucrose- 

milk solution 

Lactose in water (l)y Hudson).. . . 
Lactose in water (l)y Hudson) — 

65 

65 

50 

65 

14.40 

14.01 

13.06 

15.54 

16.94 

16.30 1 

15.02 

18.40 




* The rosultB given in the second and third colnrana of the are con- 
sidcrcsci somewhat more jusmirate and were obtained after the method of pro- 
cedure had iHJcomc well established. However, the averages of ail results ae 
given in colmnns four and five of the table are not seriously at variance with 
former figures and with those by Hudson. 

from above, ie., from undersaturation by adding the dry lactose 
to the cold liquid and allowing it to dissolve, to saturation, and 
from supersaturation by dissolving the dry lactose in the heated 
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liquid, cooling and allowing to crystallize until equilihriutn was 
reached. The results of the two procedures checked closely, 
indicating that the point of cquilil)riuin had actually been reacliicd, 

4. Lactose solubility was dotcrinined by: lirst, noting the 
inaxinuim amount of lactose which will dissolve in or crystallize 
out from prearranged scries of solutions of gra.dua.tcd c'oiHsent.ra- 
tions; second, total solids determinations (tf the filtered solutions; 
and third, the gravimetric Fehling’s srjlution metliod. The 
results obtained by the different methods were in close 
agreement. 

5. Averages of all determinations of lactose soluliility for each 
type of solution used are given in table 8. 

CONCI/trSlO.NS 

The results on lactose solubility sugge.st the following de- 
ductions: 

1. That the colloids in milk do not have any mat,crial influence 
on the solubility of lactose. 

2. That the presence of sucrose diminishes the solubility of 
lactose somewhat. This decrease ivS only slight in dilute sucrose 
solutions such as are compar.able to ice cream mix, but becomes 
greater as the concentration of sucrose increases, the decrease in 
sucrose solutions, comparable to sweetened coiulensed milk, 
amounting to approximately 15 per cent of the lactose solulnlity 
in aqueous solutions. 

3. It is of interest to point out here, that the presence in lac- 
tose solutions of high sucrose (wnicentration also has a very notice- 
aide influence on lactose crystal formation, the shape of the 
lactose crystals being distinctly modified. The lactose crystals 
from such solutions are short, blunt and apparently do not assume 
the typical form of lactose crystals from supersaturateil solutions 
of lactose in water, as described and illustrated in Part 11 on 
“Lactose crystal formation” which will appear in the next issue of 
this JOTJENAL. 

Our present knowledge of this subject is too limited to justify 
any discussion as to the possible relation between the elfeet of 
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sucrose on lactose solubility and on the form of lactose crystals. 
However, these observations are suggestive of the possibility 
that such a relation may exist. 

A similar parallel is observed between the effect of milk colloids 
on lactose solubility and on the form of lactose crystals, in that 
the milk colloids appear to have no effect in either case, as also 
shown in Part II on “Lactose crystal formation.” 
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BijANCHWTIEEK. fseamnal Variatiom of i^^ooie Mmrral KkoofJih of 
M'ilh (C. li clos seances rlo la Soc. <!e lUoL (Kniiic^e), ”\^oL 92,, 
p* 1295^ 1925. Abstracted in Be Laifc, VoL 9, Afiril, 1921?, p. 2911) 
In mixed milk fiirnislied to the hos,|)itals of Lens, flte allvali metals 
sodium and |iot-assiimi diminish in amount, in vvii'itery wldk^ tlie alkaline 
eartln metal calcimn increases in winter. Tliis emmoi l,)e c'X]:>kiined 
by any variation in tlie content of tlu^sc elemenis in food, nor by 
the theory of Taylor and Usband tluit there is a,n iiivc,n\s{^- rcA^iticiri 
between the composition of tlic milk and tlie ra|)iiliiy of secrediorp 
since the dilTerent eletncrits do not vary in the sanies direetJ,on, 

The author explains the plienomena by tl)c fad. that the vitamin 
Aj which is ingested in greater (pianl'iiy in summer, causes a. greater 
retention of calciorn in the organism, as shown, among ofbers, l)y 
Hart, Stecnbock and IIopperl«, thus leaving less availalile for the milk. 

F. Richard. Analyds of Milh Powder, (Le Lait, Vol CL 1A:d)TOary, 
1926, p. 86.) 

In a series of comparisons, the Rdse-Clottlieb method for fat in rriilk 
powder gave consistently lower results (from 0.60 to 1:90 per cent 
differenc.e) than the Weibull method. (See abstraejt of a,rti(de by 
Sclioonjans.) 

Moisture is determined in milk powder by lieatlng five graims of 
powder in a tarred shallow dish at lOO^tL, cooling in a desi(a'?M.tor, 
weighing, and taking the loss in weiglit as moistures 


Alb'Eet ScHOOjsrJAN's. Note on the DiderminaMtni of Fat in Milk PoW'- 
den% ('Le Lait, Vol. 5, October, 1925, p, 782.) 

Sclioonjans describes and compares rcBidts witli tlmxi iTietliock of 
determining fat in milk powder; tlie common R()se4'’lottlicb, ilm Wei- 
bull and the Teichert. 

In the Weibull method, 2.5 grams of powder are boiled in a flask 
for fifteen minutes with 30 cc. of eighth-normal liyclrochloric acid 
and 20 ce. of water, adding a small amount of pumice stone to avoid 
bumping. The solution is then filtered while hot through a moist 
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paper and tiie residue on the filter paper is washed till free from acid. 
The filter paper and its contents are dried at 100°C. and extracted in 
a Soxhlct apparatus to determine the amount of fat. This method 
gives eoiKsistcntly higher results than the Rosc-Gottlieb method, the 
diiT(;rence ])etw('cn the two varying from 0.15 to 1.30 per cent. 

The Tcieliert method is a modification of the Gerber method. Place 
2.5 grams of powder, 10 cc. of sulphuric acid (specific gravity 1.81) 
and 1 (!c. of amyl alcohol in a tube made especially for the purpose, 
shake, eentrifugc and read the percentage of fat as in the Gerber 
method. This method gives results only slightly higher (from 0.05 
to 0.15 per cent) than the Weibull method. 

TsoniROit AND TUmuiN. RanddUy of Fats. (Schweiz Apothekerztg., 
Vol. 62, p. 281, 1924. Abstracted in I.o Lait, Vol. 6, February, 
1926, 1). 119.) 

In order for a fat to become rancid, there must be present water, 
air, light, and an unsuturated fatty acid. Exposed to air and moisture, 
unsaturated nutlecnlo adds oxygen at each double bond, forming a 
peroxide. Water eliminates a part of that oxygen with the formation 
of an oxide, together with hydrogen peroxide and ozone. The ozone 
gives rise to the foimation of less stable ozonides, which are split by 
the water into simpler molecules of odorous aldehydes, ketones and 
acids. 

By imitating the above conditions with lead peroxide (PbOa) and 
sulphuric acid, the author produced rancidity in peanut oil. In the 
rancid fat, one can easily detect hydrogen peroxide; it gives the Kreis 
reaction. 

This author apparently uses the tenn rancid in the sense in which 
we use tallowy, since the fat was described as having the odor of tallow. 

WiotfiMANN ANi> 'I’ODT. Experiments on the Manufacture of Cheese 
with Pastemised Milk. (Molkerei Zeitung (Hildesheim), Nos. 
46, 47, and 48, June, 1923. Abstracted in Le Lait, Vol. 6, Feb- 
ruary, 1926, i>. 130). 

Milk was heated at 11()°C. and made into cheese after adding cal- 
cium chloride and a lactic starter. The rennet acted normally and 
the curd was malleable under pressure, but the cheese did not ripen 
properly and was worthless. 

Satisfactory cheese can be made from milk heated to from 95° to 

JODKNAL or OAIKY WlHWf’W, VOL, IX, HO. 0 
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97®0.j and also froiri milk lield for thirty minutos at (hfd Tlie 
former is loss open in texture. 

Fasteiiriz^atioii ret'^anls ripenin^^ and the cheese from ])a.stci;rrizecl 
milk lias srnooilier rind and is less subject to mold growth, iihaii {jlicicsc 
from mipasieuri^.cd milk, 

li, I'jINOET. On iJie (kHUfulatlon of Oasein in> Ihc Pmmne.n of HalU of 
Ltnw in Ackl Solution. (Le Lait, Vol. Sy Beceinl)er, ],ll2ay p. !)52.) 

C'aseiii pmcipitated from skim milk liy lactic acid or ot-lier acnds ami 
treated with an excess of acid forms a jelly-like solution. Tlie casein 
1)0 reprecipitated from this solution by the addition of eolc,viiiT,n 
soits. Tlie reprecipitatcd casein contains approximat,(dy the sj'iine 
amount of phosphoric acid as the original precipit-a-tc,^ (a, bout 2 per cent 
but almost no rime, whereas the ot'igictil I'lrccipitatc (tmii-Jiiried 
from 0.89 tc.) 1,5 per cent (.-ai,). 

'.riio author draws the conclusion that acid alone is not caf>al)le of 
liririging about the coagulation of casein, luit. th, at t.(he pr(\s(m(‘<e of cal- 
ciiiin Batts in Bolution is necessary. 'Jlie <laia iii sui)|)ort 

of tills conclusion arc rather meager. 

W. ]')oii:N'.EiL A Simple Promlaro for Ihe Stitining of Sporvm (bo fiaifo 
Vol. Ci, January, 1929, f). 8.) 

This iiictliod is a combination of the negative staining motliod of 
Pmrri, in wliich i,!ic liacteria are not stained but :ire surrounded by a 
black backgroiirul of India ink or nigrosino B, and of Ivleiiits metliod of 
staining s|)<)res. 9?lie nigrosino I'i takes tlie phuio of alcsoliol in do 
colo,riiaing the bacterial cells after sluaining with carliol fuel, min, leaving 
the spores a liriglit red, the bacterial cells surrounding ihe spore cohir- 
IcsB, and the bac?kgroui;id lilack. 

'11.1(5 te(;lini(|Uo of the method is as follows: 

L 'Fn,5pare a BUSfHuiston of the bacteria to be stained in 9.5 cun of 
wa4'.cr In a centrifuge tuba. 

2. Add 1 to 2 (jc. of a molted 10 per cent gedatin solution. 

3. Add 1 to 2 ec. of carliol fuchsin Bolutiorn 

4. Heat the tul)C in. a boili,ng water-bath for ten inlmites. 

5. Wash the liacteria to remove the gelatin. To do this, add If) 
to 15 €C. of water, and centrifuge for some minutes, or allow to settle 
for several hours. 

6. Mix a loop of the sediment from the bottom of the tube with a 
loop of a saturated aqueous solution of nigrosine B on a slide and dry. 

7. Examine with an oil-immersion lens. 
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Blbyer and KAiAiMAN. Contribidion to the Knowledge of So7ne Little- 
Studied CompancnU of Milk. (Bioehemische Zeitschrift, 153, Nos. 
3- <>, itp. 459. Abstracted in Le Lait, Vol. 6, January, 1926, p. 
26.) 

These, autliors fnid tliat the nitrogenous bodies in milk are casein, 
albumin (glcsbulin and psoudoglobulin), albumose, peptone, and small 
amounts of juirines, tiric acid, urea, ammonia, creatine, creatinine, 
amino acads, siilphoeyanidci, and a nitrogenous coloring matter. 

IIaglund, Baktuel and Sandberg. The Number of Bacteria in Milk 
for Chceeie-Making and the liapidity of Ripening of the Cheese. 
(Communication No. 270, Central Agricultural Experiment Sta- 
l.ion. Bacteriological Section No. 35, Stockholm, 1924. Ab- 
stracted in IjO Tjait, Vol. 0, January, 1926, p. 31.) 

Increasing either the number of bacteria or the acidity of the milk 
independently at the time of coagulation increases the rapidity of the 
ripening of the cheese, as measured by the quantity of soluble nitrogen 
compounds formed during a certain period of time. 
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!NTEEN“ATU)IvrA,L OATUIT COlsriEiWSH 

Tlic followinf^ in roj^arcl to t!ie plans to hold an Inter- 

nationa! Dairy Congta^ss iii England in 192tS, has bcei'i taken from recjimt; 
irain!>crs of ^‘ThoMilk Industry” |,>ublisiicd in London. 

Preparations for tlie Congress are proceeding apace. Meetings of tlie 
General Coiniiiittee wore held in April and in June. Mr. H,. Ravens- 
CToftj Secretary of the Rrit-ish Dairy Farmers^ Association, 2S Ilusscll 
Square, I/)ndon, S. W. 1, England, is acting as Scivretary for tlie C-on- 
gress and is working witli the greatest enthusiasTn to make the Congress 
a success. A |)'roviBional coimniitee lias worked out a tentative pr«>- 
gram with estimates of the cost and has satrislkKl the ExcMuitive ('lorn** 
mitteo as to tlie practicability of hokling the Congress. 

It is proposed that the Congress should (jocer a pericxl of I'Cn days, 
three of which would be spout in London, two in ReadiiJg, two at the 
Royal Agricultural Society's Sliow to 1)0 lielil at Warwick and tlie 
remaining tliree days to be sfient in Scotland. In order to include tlie 
Royal Show it will bo necessary to hold the < ’-ongress during the first 
week of July. Lord Kenyon has accepted tlie Presidency and extensive 
preparations are being made for the entertairiraerit of visiting dele- 
gates. 

Among the subjects recominended for papers are tlio breeding and 
feeding of animals for milk production, milk transporhition, milk dis- 
tribution, organimtion for advisory assistaiKH), dairy rescarcli,, dairy 
inacliinery and equipment, international <|iiestionB and coiiperation, 

'Die placing of tlie Congress during tlic e.arly jiart of the HUnimer 
will make it necessary for those who go directly from Noit/h America 
to tlie Congress to travel at die iieiglit. of the toiiriHt Bcasoru For 
this reason plans must bo worked out a long time.^ in advance. Pre- 
liminary inquiries ate alreaily being made to deiemiine the immlior 
of Americans who are likely to go^ the thought lieing diat a grouii 
might like to Join in securing space on the same steamer. 

IL S. I:Ieeei>. 

Connecticut. Prof. George 'C. White, head of the Dairy Depart- 
ment and Dean of the College of Agriculture, has been at Ithaca, N. Y., 

5 ^ 



DAIKY NOTES 


643 


since ScptemlKjr 1. His leave of absence carries through to the first of 
February, 1927. He is pursuing special studies in aninaal diseases and 
in the field of education at (lorncU University. Professor White is 
secretary ol ilie American Dairy Science Association and he may be 
aildre8.s{!d eani of the D<^pariiuerit of Dairy Industry at Cornell 
Fniv(U'sity. 

MAHS.\t:iiu,si.n’'rs. Mr. lliohard Smith, Jr., has returned to the 
dairy staff after a year’s leave of absence during which time he did 
graduate study in the dairy husljandry department of the University of 
Illinois. 

Ni'UV YoiiK. Mr. J. ('•. Manpiardt of the FiXperiment Station at 
Cicneva, N. Y. has recently returned from Cornell University where he 
has (;ompl(!ted the rciquiremouts for the degree of Master of Science. 
Mr. J. C. Ilening will study at the same institution for an advanced 
degree this eollirge year. 

Nkw \'o!iK, CoiiNKui. CoijIuook. Prof. 11. ]']. lloss has recently 
returned from his sabbatic leave of absence of one year, which he spent 
in Argentina aiding the (lovermnent in the improvement of the city 
milk sup[>ly and in the installation of modified milk laboratories. 

Prof. J . J ). Hr(!W is on sabbatic leave for one year. He is doing gradu- 
ate work ali tlie University of California. 

Prof. W. W. fi’isk is on a leave of absence for one and one-half years 
during which time ho will l)e engaged in commercial activities. 

Dr. Arthur 'r. Henrici, Professor of bacteriology and Immunology 
of the Medical i 'ollcge of tlie University of Minnesota, has been ap- 
{johited acting Professor for the year 192(7"27. During this period Dr. 
}Ienri(n will be on sabbatic leave from the University of Minnesota. 

Dr. Phil. Karl Demehsr, head of the Bacteriological Department in 
the Mouth ( hirman llcseanjh lnstitut.c for Dairy Science, Weihenstephan, 
near Munich, Cermany, will sail for home on October 14. Dr. Demeter 
luw been floing sijecial research in the department of dairy industry, and 
in one of many young scientists who have had opportunity to come to 
America under the auspices of the International Education Board. 

Dr. Norman C. Wright, assistant research chemist at the National 
Institute for Research in Dairying at the University of Reading, 
Reading, England, has just arrived at Cornell University for two years of 
research study in the department of dairy industry. Dr. Wright is a 
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fellow on tlie Commonwealth Fund. He will liave opportunity during 
his two years of study in America to travel tlircHi .rrioiiriis earfi yc\n.r. 

Otlier rocent appointments imdiide Ceorges Kiiaysi, Iiisiriictor in 
Ihurtcwicdriigy; Wa.iter ]lodistras>ser, Instrud.or in 11‘ury liiciuslry, jiivl 
Cl M, Ihiteman, liisi.rneior in Dairy t.diemistry, 

nURATClM 

In the Sopteml)er mimber of the Journal of Dairy BcarwcTK tiic chart 
on, page 48C) slioiild be on page 485 with the legerHb-’-^ldg. L of 

heating at 1C),L5®C. on the hydrogen-ion eonceniratioii anc,l on f:he tb 
tratable acidity of milkd^ The chart on page 485 slioiild be oii p^igc^ 4Sb 
with tlie legend™^ ^Fig, 2. Effect of heating at on (hcs hydrogen- 
ion concentration and <,)n the titratable acidity of railkd’ 
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